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FOREWORD 

Piles have been used for hundreds of 
years. Much practical information has 
been accumulated by those experienced 
in their use, but comparatively little 
has been written on the subject. This has 
been true of concrete piles as it has of 
other types. The rapidly increasing use of 
concrete piles, however, has created an 
urgent demand for information pertain- 
ing to their design, manufacture and 
driving. To meet this demand, data from 
many sources have been assembled and 
are presented in this booklet. No effort 
has been made to prepare a complete 
treatise on the subject which has many 
phases. Only the fundamentals have been 
discussed but sufficient information is 
given to enable a designer to analyze pile 
foundations and select the most econom- 
ical pile for the conditions under which 
it is to be used. Data are included for the 
design of bearing and sheet piles for 
both driving and service loads. The best 
practice in manufacturing, driving and 
testing piles is also presented. 
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Large precast concrete piles are being extensively used for railroad trestles because the] gi>. 

the lowest cost per ton of load capacity. The high load capacity permits three piles in each 

bent, allowing construction with least interference to traffic. A typical installation with 

precast deck slabs is this one near Corning. Ark., on the Missouri Paci6c RR. 




Sloop < bannd Bridge „r the Meadowbrook Causeway. This is one of several structures for 

Which concrete pile „.. r ,. selected by the Long Island S lu ,e |. urk Commission. V V. 
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Concrete Piles 

SECTION I — INTRODUCTION 

Concrete piles as precast units are used to support essentially vertical 
loads in foundations; to carry combined vertical and lateral loads in trestles, 
docks and similar structures; to resist lateral loads and prevent the passage 
of water in bulkheads and cut-off walls. 

Cast-in-place piles are used extensively in foundations to carry vertical 
loads. 

Experience with concrete piles has demonstrated their numerous ad- 
vantages for a wide variety of conditions of service. 

Adaptability 

Concrete piles should be considered for any location where piles are 
required. The choice of either precast or cast-in-place types enables the 
designer to use concrete piles economically to solve foundation problems 
where other kinds of piles could not be used. 

Piles may be built in sections and assembled during driving where there 
is restricted head room. They may be made hollow to reduce their weight 
or to permit larger diameters, thus providing added skin friction area to 
accommodate especially unfavorable foundation conditions; or cast with 
connections for braces or structural members as desired. They may be 
made in any length required and are readily lengthened or shortened after 
driving. 

Design 

Concrete piles are "made to order." Size, length, shape, strength — 
almost every physical dimension and characteristic may be designed to 
meet manufacturing, shipping, driving, service and exposure conditions, 
as well as economic requirements. 

Manufacture 

Precast concrete piles may be cast either on the job or at a remote 
casting yard. The manufacturing facilities provided may be large or small, 
and include "homemade" equipment or the most elaborate modern ma- 
chinery, depending upon the size of the project. 

The finished product may be left rough, or smooth with true sharp 
corners, depending upon the nature of the job and whether portions of 
the piles will be left exposed. 

For cast-in-place piles, a similarly wide range of "manufacturing" fa- 
cilities, depending on the requirements of the project, is afforded. 

Durability 

The location of the ground water table need not be considered where 
concrete piles are used, because there is no deterioration at the water line 
if concrete is properly made. 

The quality of the concrete may be chosen to meet unusual exposure 
conditions such as erosion from moving water, abrasion, contact with 
alkali soils and freezing and thawing. For special conditions a protective 
cover can be provided for the critical area. 

Concrete piles are not damaged by termites, nor by marine borers such 
as the limnoria and teredo. 



They are fireproof. Fires on land from grass and forests and under decks 
over oil-covered water are successfully resisted. Even under prolonged 
exposure to intense fires they are usually free from structural damage. 

Field Conditions 

Concrete piles may be driven in any soil to penetrations comparable 
to other types of piles. They are handled, unloaded and driven in essen- 
tially the same manner as are other piles. They may be readily cut off or 
extended where driving conditions make it necessary. 

Economy 

Concrete piles show marked economies when compared with other 
types on the logical basis of COST PER TON OF LOAD-CARRYING 
CAPACITY, and when other savings resulting from their use are consid- 
ered. The load capacity of concrete piles can be varied at will by changing 
their diameter and length; hence fewer piles usually are required to carry 
a given load. Foundations are smaller. Cut-offs are independent of ground 
water level, so frequently less excavation is required and foundation walls 
need not be as deep. Durability under severe exposure, resistance to fire 
and attacks of borers result in fewer replacements and longer life. In addi- 
tion, when concrete materials and equipment are on the job, the manu- 
facture of concrete piles at the site increases the use factor for the equip- 
ment and reduces overhead cost. 

SECTION II — DETERMINATION OF FOUNDATION 
CHARACTERISTICS 

During recent years there has been an increasing amount of scientific 
attention devoted to the load-carrying capacity of soils based, in large 
measure, upon the work of Dr. Charles Terzaghi.* The structure and 
plastic properties of soil are now recognized as of utmost importance in 
designing foundations. 

The load capacity of piles is affected by: 

Structure, water content, frictional and cohesive properties of 
the soil ; 

Disturbance caused during construction by such operations as 
pile driving, drainage and removal of lateral restraint; 
Later plastic yielding and water movement in supporting soil. 
There are numerous and complex combinations of soil materials and 
arrangement of strata existing in nature. The foundation engineer, there- 
fore, can not always have at hand definite design data to meet all the 
situations he encounters, but must depend to an unusual degree upon 
his experience and good judgment. However, certain fundamental con- 
cepts of soil types and typical arrangements of strata such as those given 
l>elow are of considerable assistance. 

Classifications of Soil Structure 

Three general classifications of soil structure are recognized and each 
has certain ability to support vertical and lateral loads. 

Class 1. Bed rock or a very hard stratum within easy reach. For this 
condition piles transfer vertical loads as columns directly into the hard 
substratum. 
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Class 2. Compressible upper soil layers with stiff layers beloir. If these 
soft and plastic upper layers cannot be consolidated by driving piles into 
them, the piles must be driven far enough into the lower layers to support 
the entire load, as shown in Fig. 1(a). In this type soil, load tests of short 
duration may show that the upper layers (a-b) have some load-carrying 
value; however, plastic flow will gradually transfer all the load to the 
stiff er lower layers (6-c). 

In some cases the compressible top layers may be consolidated by the 
driving of piles. The piles increase the bearing capacity of the upper layers 
so that it is necessary to drive them only far enough to reach the stiffer 
lower layers, as shown in Fig. 1(b). The procedure in such soil is to start 
driving piles at widely spaced intervals and then to drive intermediate 
ones until the bearing capacity, as indicated by the rate of penetration, 
is increased to the desired degree. 

Class 3. Soil which consists of a deep deposit of fairly uniform consist- 
ency. The load-carrying capacity of such soils is becoming better under- 
stood due to recent investigations. The ability to carry load depends, in a 
large measure, upon the ratio of the width of the foundation to the length 
of the piles. Where the length of the piles is equal to or greater than the 
width of the foundation, the piles are beneficial, since the load is spread 
over an area larger than that of the foundation. If the piles are shorter 
than the width of the foundation, the load is not spread over a greater 
area, hence no appreciable benefit is obtained. In computing the load- 
carrying capacity of a foundation on soils of this type it is not permissible 
to rate them as equal to the load capacity of a single pile multiplied by 
the number of piles. Under such conditions if greater load capacity is 
needed, there are the alternatives of increasing the foundation area or 
using longer piles. 

Further discussion of soil behavior under pile loads is given in Section 
IV — Load Capacity of Pile Foundations. 

Foundation Exploration 

Before the foundation can be designed, it is necessary that the soil 
characteristics at the site be known. Sometimes, due to previous experience 
with existing structures, reliable information is already available. If not, 
a special exploration survey should be made. 



The extent of and equipment for such a survey will depend on the size 
of the project and the time available. Small projects may be explored with 
simple, homemade devices, while large projects may warrant elaborate 
equipment and the services of a geologist. Shallow foundations may be 
investigated by means of a sounding rod, earth augers or wash borings. 

The number of tests should be suf- 
ficient to obviate misleading conclu- 
sions from such purely local effects as 
the striking of boulders or finding of an 
old filled-in water course. A test hole 
should penetrate sufficiently into hard 
strata to determine their thickness and 
to prove that the underlying support 
is adequate. 

Soundings 

The sounding rod is usually a Y% to 
J^-in. round steel rod, pointed at one 
end and threaded at the other to receive 
additional lengths. It is driven into the 
ground by a maul or sledge and turned 
after each blow. Soundings 30 to 35 
ft. deep can be made in this way, but 
the nature of the material penetrated 
cannot be accurately determined. The 
relative hardness of the strata may be 
judged by the action of the rod during 
driving. In sand, gravel and clay there 
will be some penetration under each 
blow. If rock is reached, there will be 
no penetration and the rod will quiver 
and make an entirely different sound 
under the blow. To avoid mistaking a 
large boulder for bed rock, further 
soundings should be made nearby. Too 
■ great reliance should not be placed 
'^kJUt^ 'v^3 upon the sounding rod tests because 

it cannot penetrate hard strata of any 
material thickness.* The sounding rod 
is useful in conjunction with other 
methods of foundation exploration and 
especially useful for investigating be- 
tween test piles. 

A calibrated sounding rod has been 
developed by a cooperative investiga- 
tion of Ohio State University and the 
Ohio State Highway Department.** 
ill power-operated drop hammer, Fig. 2, is used to drive a sectional 
sounding rod to depths as great as 80 ft. To calibrate this device, it was 
set up at various bridge sites where piling had been driven and a compari- 
son made between the driving energy required and penetration of the test 
rod, and the energy input and penetration of the piling. Comparisons 
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were also made with static toad testa on the piles at the various locations. 
The machine has been used to estimate the length* of pilee required at a 
number of bridge sites in Ohio. In nearly all merit the total length of 
piling finally driven was within five per cent of that estimated. 

Boringt 

I Investigate shallow foundations, earth augers may also he used I ig 

3 Dry material) are excavated by the auger alone, hut materials which 

will not stand without support require a pipe casing. Some soils adhere to 
the bit while others require a bailer or sand pump. 

The operation of churn drilling with a hollow drill having a cutting hit 
at its lower end is called wash boring. Material is brought to the sm: 

i Stream of water Bowing under pressure through the hollow drill. 
Samples are taken by catching this material and allowing it to settle in a 
bucket. Wash borings may be made in sand, gravel, clay and even hard- 
pan. They show the type of material penetrated but not its compactness 
It is, therefore, possible to misinterpret the test. To eliminate this un- 
linty it is advisable to take undisturbed samples of soil by means of a 
special device attached to the drill. A log of each boring taken may be 
kept and the results of driving and loading tests summarized, as shown 
in the chart, Fig. I. Given the load at failure by load test for several 
piles as indicated at the tops of the piles, and the loads by impact or pile 
driving formula shown at the side of each pile near the ground line, a quite 
accurate interpretation can be tnadcof the load capacity of the soil penetrated. 

An Informative and profusely illustrated discussion of equipment for 
foundation exploration may be found in "Highway Hridgc Surveys" by 
<'. B. Mcl'ulloiigh, Technical Bulletin No. 55, U. S. Department of Agri- 
culture. 
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Itthvr Consideration* 

The location of the permanent ground water elevation should be noted 
as well as the presence of unusual chemicals in the soil, such as m 
alkali, organic matter and the like. 

Tut Me* 

It is common practice in designing pile foundations to aaenme an allow- 
able loud pet pile and to provide a s U [|icient number of piles to carry the 
expected load. The ability of each pile to carry the assumed load is accepted 
if the penetration finally achieved under the blows of the hammer is in 
accord with a pile driving formula for this loading Whenever doubt arises 
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o thi -mi i 1 1 ilii mi in h a formula under the local conditions, the load- 
carrying ability of the piles ma\ be determined by static load test.* 

Pi rtinent inionnation helpful in design and construction can be obtained 
by driving teal piles rather than by relying upon an unsupported assump- 
tion \ thorougl i I it made, foi example, to determine the effect of 
the cost ol the pile on the design ol the structure of the Bonnet I 
Spillway Highway Bridge.** Preliminary comparative designs were made 
ior mm ral combinations ol Bpan l< Dgthi and number of piles per bent, and 
bids were taken. Teal piles were driven and loaded and the inionnation 
obtained was used In selecting the most economical length of pile, the 
number of piles per bent and the length of span. The most economical 
thai having six 20-in. square concrete piles per bent with spans 
rhe piles varied in length up to 90 ft. The maxi- 
mum design load per pile. Including live load and dead load, was 13 tons 




I in. "> Bonnet * urrr Highway Bridge. 



Another typical exam| in the design 

and constructioi River Bridge mar Norfolk, Virginia.*** Bor- 

md Umbei sufficient information to decide upon 

general t> pe and layout of the structure and for a preliminary estimate 

of the coat. To secure more reliable information upon which to order pile 

lengths (piles up to 118 ft. in length were required) concrete 

were driven at Several places in advance of the ' 'ruction. I 

piles were identical with tl USSd in the trestle and were driven 

With the same hammer M tlie trestle p. tmg schedule was 

°Coa;iMaanca muat ba lakan of 'he typa of toll when tnterpratina' lha load capacity of a *idcI« ptl- aa 
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the information obtained. As a result, out of all the piles cast, only one 
remained unused. 

For a foundation covering a large area, it is well to drive test piles at 
frequent intervals; from the lengths obtained a contour map may be drawn 
from which to determine lengths of intermediate piles. For long trestles 
the lengths of test piles may be used to plot a profile to be used in a similar 
manner. 

Pile driving data should be carefully recorded. These data are particu- 
larly useful in studying the load tests and the information secured from 
the foundation exploration survey. 

Test piles and driving equipment should preferably be identical with 
that intended for the final construction. However, this is not always prac- 
ticable. By establishing a proper basis for comparing the load capacity 
of piles of different size, smaller piles and equipment may be used for test 
purposes and reasonably accurate predictions can be made as to the length 
and behavior of larger and heavier piles.* The relative effectiveness of the 
hammer blow in driving light and heavy piles as given in Table 3, page 53 
ma)' serve as a guide to the choice of hammer to be used with test piles. 
The Missouri Pacific Railroad successfully determines the required length 
of 24-in. diameter concrete piles by the penetration obtained on timber 
piles driven with a hammer comparable with the weight of the test pile.* 
When comparing piles of different materials, shapes and sizes for load 
capacity, it is important that the test piles be driven in the same location 
and that they penetrate the same strata. 

Load Tests 

Load tests on piles are of two general types: 

(1) DYNAMIC LOADING, as represented by pile driving and 

(2) STATIC LOADING in which loads are applied slowly and 
remain in place for various intervals after the pile has devel- 
oped full contact with the soil. 

Dynamic leading 

The behavior of test piles is observed under blows of a falling weight. 
The dimensions and material of the pile, the weight and fall of the ram, and 
the cushion and hood used on the pile head are noted. The penetration 
under the blows of the hammer is recorded throughout the driving and 
from the penetration for the final blows the load-carrying ability of the 
pile is computed by some pile driving formula. 

A discussion of pile driving formulas and their limitations is given in 
following sections. While there is some question as to the accuracy of 
predicting the load-carrying capacity of a pile by a formula, the driving 
of test piles does give quite satisfactory information for ordering piles of 
proper length. 

Static Loading 

Static loads are applied in successive increments and the corresponding 
settlements measured. A graph based on the data obtained produces a 
load-sett lement curve such as shown in Fig ti. The graph may resemble a 
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stress-strain curve having a yield point. If so, the load at the yield point 
may be considered as the load capacity of the pile. If there is no break 
in the curve, an arbitrary limiting value of the settlement, such as 0.25 in., 
may be selected. The allowable design load can then be assigned some 
proportion of this capacity load, such as 50 per cent. 

The total settlement consists of elastic and inelastic or permanent settle- 
ment, both of which should be measured. When hydraulic jacks are used 
to apply the load, the permanent settlement may be determined for each 
increment of load. At given loads the total settlement is observed, then 
the load is released and the amount of permanent settlement recorded. 
When weights are used, the permanent settlements are measured as the 
load is removed. 

The proportion of "yield point resistance" to be chosen as the design 
load depends upon the judgment of the engineer or upon the job specifi- 
cations. For example, the specifications of the American Association of 
State Highway Officials provide that the design load shall be taken as 
50 per cent of the load which causes a permanent settlement of l /i in. in 
48 hours. 
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Methods of Loading 

The simple equipment consisting of a platform* required for loading 
test piles with weights is shown in Fig. 7. The concrete cap cast on top of 
the pile provides bearing for the 12.\12-in. timber beams which support 
cross beams and plank flooring. A %-in. bolt on which to take levels is 
embedded in the cap. Wedges or jacks are placed at the outer ends to 
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prevent the platform from tipping during loading. After the loads have 

been placed, the platform is balanced and the blocking lowered slightly 

SO thai tin entire weight rests on the pile. If sand or oilier loose loading 
material is used, the platform must be provided with Sides. Tin- head of 

; in. bolt should be left accessible for taking level readings. 

The following method was used in testing piles for a highway trestle 

near Ban Francisco, Calif.*' Wood piles were driven in a circle around 

the test pile ami a steel tank, capable of holding HK( tons of water, was 

1 on the pile cluster. During the test the full load of the tank was 

transferred by jacks to the concrete pile in the center. 

Fifty test piles were driven and loaded for the highway trestle across the 
Bonnel < iarre Spillway*** near New Orleans. A heavy steel stirrup was hung 
On the head of the test pile and a square 5-ton block, having a square hole 
in the center, was slipped over the pile and rested on the stirrup as shown 
in Fig g. Additional blocks were used for loading 

The Missouri Pacific Railroad employs an ingenious method for testing 

■ ;. crcte railway trestles.**** The* trestles n place existing timber 
trestles, which remain in service until the bridge deck is placed. The trestle 
tients ion-i-t of three 21-in. octagonal concrete piles. The center pile of a 
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bent, about midway between two existing timber bents, is selected for 
the test. The timber stringers are loosened on the adjacent timber bents 
ami arc wedged up on cross timbers over the test pile. A large locomotive 
crane is then positioned on tic trestle so that its front truck is centered 
over the pile, as shown in Fig. '.). By picking up a known weight at a given 
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widely used because they afford :i simple method of determining the ap- 
proximate eapaeity of each pile as it is driven.* 

The rational basis for pile formulas is the relationship between the 
energy of the falling ram and the work necessary to drive the pile. If II' 
is the weight of the ram and // the height of its fall, the driving energy 
available is II' X //. Assuming that R is the resistance of the soil and S 
is the penetration per blow or "set," the work necessary to drive the pile 
is li X S. If all the energy of the ram is delivered to the pile, a simple 
relationship exists, namely 

117/ 

KS 117/ and fi - ^- ■ (I) 

o 

This is one of the early pile driving formulas and mi used by .Major 
Sanders of the II. S. Engineers. This formula does not account for various 
energy losses and other uncertainties. Major Sanders used the factor of 
safety of 8 in applying it to timber piles driven into river mud. 

Engineering News Formula 

A. M. Wellington of the Engineering News, 1888, introduced an addi- 
tional factor C to allow for losses of energy. Then by expressing It and H 
in tons, S in inches and substituting 12/i for H (h being the height of fall 
in feet), and applying a factor of safety of 6, he obtained the well-known 
Kngineering News Formula: 

«-m- »a) 

For timber piles driven with a drop hammer, a value of 1.0 was assigned 
to the factor C to give: 

«-i?£t ■ 

Later, for single-acting steam hammers, the value of 0.1 was assigned 
to C to give: 

'-mr « 

For double-acting steam hammers the Equation (2A) is applicable by 
adding the energy developed by the steam to the energy from the fall of 
the ram. Tables showing manufacturers' energy ratings for double acting 
steam hammers are given on page 52. 

For driving heavy piles with light hammers, the above formulas were 
found unsatisfactory and further modifications have been suggested to 
/• 

include the ratio whirr /' is the weight of the pile and W the weight 

of the ram.** The modified formula is: 

It = 2]Vh . (2B) 

si 1.0 + 0.1 X '') 

Energy Lasses 

Energy is lost in the driving equipment, in inertia of the pile, in heat 
generated due to impact between the ram and the pile head, and in tern- 
's** Uma .nd 38. 
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porarily deforming the cushion, cap and ground. Several proposed formulas 
take these losses into account. 

When the ram, moving at some velocity, strikes the pile at rest, a certain 
portion of the energy of the ram is delivered to the pile, propelling it down- 
ward against the resistance of the soil. The ram and the pile are semi- 
elastic and their action after impact conforms to the theory of semi-elastic 
impact of bodies as given in textbooks on mechanics.* 

The elastic properties of bodies are indicated by the coefficient of restitu- 
tion, e. For fully elastic bodies, this coefficient is 1.0 and for inelastic 
bodies, zero. To" illustrate, if a ball drops on a pavement from a height 
hi and bounces to a height fta, e is given by the relation h = eVi,, or 



-vf 



(3) 



The percentage of the energy of the hammer transferred to the pile is 
the efficiency of the blow and is denoted by k. The equations for k in terms 
of W, P and e are: 
For II' greater than Pe (no rebound of the hammer), 

Tf + Pe\ ( 

For 11' less than Pe (hammer will rebound and reduce the energy trans- 
ferred to the pile), 



it = 



W + Pe 2 



\w + p) 



(5) 




11' + P 

The energy used to temporarily compress an elastic body is given by 
the area under the load-strain curve. For fully elastic bodies, this curve 
is assumed to be a straight line, as shown in Fig. 12. The strain or deforma- 
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tion in the pile at the load R is -jrr , where L is the length of the pile, 

A the cross-sectional area and E the modulus of elasticity of the concrete. 
The loss of energy in temporarily compressing the pile is therefore: 

Energy loss = ^j^,- (6) 

Tersaghi Formula 

Dr. Charles Terzaghi, in the article "Science of Foundations"** discu.w> 
the subject of semi-elastic impact as related to pile driving. He obtains 
the following formula, which is referred to hereafter for convenience as 

•*S** RWerriK a 
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the Terzaghi Formula, by equating the available energy, k\VH, to that of 
the pile resistance, RS, plus the loss of energy in compressing the pile as 
expressed by Equation (6): 



Solving, 



"(Vff)— +& « 

«-¥[-'±y*+»»(V5?>S]----- ■ 

Equation (8) is the basic equation for many pile driving formulas. For 
perfectly inelastic impact e = and by substituting in Equation (8) Red- 
tenbacher's Formula is obtained which is used extensively in Europe: 

AE [ g + ,/^TT " 2 IP/ / Li 

A - ~l r s -V s + E(w + pf A\- ■ ■ • • (8A) 

Assuming no loss from compression, perfectly inelastic impact and no 
rebound in the pile, we obtain: 

IP// 

* = WTWs 1 (8B) 

which is the Dutch Formula used extensively in Holland, Belgium and 
France. Note that when S = 0, then R = infinity, which is obviously false 
and indicates that for small penetrations per blow the result obtained is 
not significant. 

If e = 1, Equation (8) becomes: 

* = —^57 • (8C) 

s + £te 

If the last term in the denominator of (8C) is assumed to be an empirical 
constant C, the formula reduces to the Engineering News Formula as 
given in Equation (1A). 

Terzaghi states that e is usually assumed as 0.5, which would result in 
values of R between those obtained with the Redtenbacher and Engineer- 
ing News Formulas. 

Hiley Formula 

The energy equation according to Hiley* is: 

kWH = RS + ~, (9) 

where k = the efficiency of the hammer blow as determined by either 
Equation (4) or (5), and C is the temporary compression in the pile, driving 
head and ground. 
Solving, 

p 

Values for k for various ttt ratios computed from Equation (4) and (5) 

in which e = 0.25, 0.40 and 0.50, are given in Table I. These values must 
be multiplied by an equipment loss factor assumed as 0.8 for drop hammers 
and 0.9 for steam hammers. The value of e in Equation (4) and (5) will 

•See Reference No. 12. 
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vary with the consolidation of the cushion block, which changes during 
driving. If wood cushion blocks are used with concrete piles, it is satisfac- 
tory to assume e = 0.25 for fresh packing and e = 0.50 for well-compacted 
blocks. 
The factor C is made up of three parts: 

d = temporary compression in the driving head in inches; 

C 2 = temporary compression in the pile in inches; 

C» = temporary compression in the ground in inches. 

These factors may be determined experimentally or C, and C 2 may be 
approximated by calculating the deformation for an assumed unit stress 
in the pile and an assumed modulus of elasticity in the pile and wood 
packing. 



Elastic 
compression 
in pile and- 
q round 





(a) 



(b) 



Fig. 13 



Experimentally, a simple method of determining d and C> is to con- 
struct a set gage by clamping a board on the pile to which is fastened a 
sheet of paper, as shown in Fig. 13(a). In front of this a straight-edge is 
placed on a frame clear of the pile so that when a pencil is drawn across the 
straight-edge during driving, a record, as shown in Fig. 13(b) is traced 
on the paper. From this diagram, the permanent set and the temporary 



TABLE I. VALUES OF k 
k = efficiency of blow in pile driving 



-; - Ratio of Weight 
w of pile lo 
Weight of Himmr 


e-0 25 

Freeh Wood 

Cuahion 


e -- « 
Medium- 
compacted 

Cuahion 


e-0 60 

Well- 
compacted 
Cuahion 


M 


o eg 


072 


75 


1 


53 


58 


003 


''.■ 


044 


50 


066 


2 


37 


44 


060 


1H 


33 


040 


45 


3 


30 


I.M 


42 


4 


25 


32 


34 


S 


21 


27 


31 


6 


11 


024 


27 


To correct for equipment efMency: 

For drop hammer*, take 10 per cent of above. 
For pnpte-ecting tleam. take 90 per cent of above. 
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Sixteen inch (16-in.) octagonal piles, 30 ft. long were used in the foundations for the Texas 

Building of the Texas Centennial Exposition, Dallas. Piles were cast at the site. A hammer 

with a 5,000 Ih. ram and 36-in. drop was used for driving. 

elastic compression below the point on the pile where the record was taken 
can be measured. 

The elastic compression in a driving head having 4-in. packing, assuming 
a fresh packing with a modulus of elasticity for wood of 50,000 p.s.i. across 
the grain, is: 

C, = 0.16 j, (11) 

where R = the ultimate resistance of the pile in tons, A = the area of 
pile in sq. in. 

For well-compacted packing the modulus of elasticity will lie higher. 
Assuming a modulus of 100,000 p.s.i., 

R 



C, 



om~ (12) 



On the basis of an assumed modulus of elasticity of concrete of E = 
2,000,000 p.s.i., the temporary compression in the pile is: 

C, = 0.012 j per lin. ft. of pile (13) 

The compression in the ground, C 3 , is more difficult to estimate, since 
it varies with the properties of the soil. If possible, it should be measured 
as previously described. Hiley gives a formula for C 3 in long tons (2,240 
lb.) which in terms of short tons (2,000 lb.) is: 

C\ = 0.20 j- (14) 

Actual measurements to determine values of C have been made on piles 
by Hiley and Ackerman in England and by Goodrich in this country.* 
Hiley gives the following: 

Typical Values of C in Inches for Hard Driving 









Length 


of 


Pile 


in Feet 








10 


20 


30 






40 


50 


60 




Wood Pilt 


0.37 


49 


.61 






.73 


.65 


9? 




Concrete with Short Cushion 


.27 


.36 


.45 






.J4 


.63 


72 




Concrete with Driving Cap 


.57 


65 


.74 






.63 


.62 


1.01 





•See Reference No. 13. 
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Comparison of Pile Formulas 

A comparison of the load-carrying capacity of identical piles in the same 
soil as determined by the Engineering News, Terzaghi and Hiley formulas 
shows considerable variation, making it necessary to apply factors to 
them if approximately uniform results are to be obtained. This is illustrated 
by the following examples, in which: 

A = cross-sectional area of 20-in. square pile . . . 400 sq. in. 

L = length of the pile 40 ft. 

Hammer (single-acting steam) 

equipment, efficiency .... 0.90 (For Hiley Formula) 

II' = weight of ram 7,500 lb. 3.75 tons 

P = weight of pile 16,500 1b. 8.25 tons 

h = fall of ram 4.0 ft. 

H = \2h, the fall of ram in inches 48 in. 

5 = set or penetration per blow 0.15 in. 

It = resistance of pile according to various formulas 

E = modulus of elasticity of concrete .... 2,000,000 p.s.i. 

e — coefficient of restitution 

k = blow efficiency from Equation (4) or (5) 

By the Engineering News Formula (2A) 

.. 2 X 3.75 X 4.0 

R = 015 + 0.1 " 12 ° t0nS ' 

By the Modified Engineering News Formula (2B) 

jp 2 X3.75 X4.0 

ft = r , ,.. ^ nn ^ -. = 104 tons. 



•■»[" + •■'(«)] 



Ity the Terzaghi Formula (8) 



»(v=£) - '*» * - e m , + £n£? ) - -«- 

Then substituting in equation (8): 

ft = 1,060,000 [-0.15 + |/0.15' + 17 1 ^^ ) 2 ] 

= 1,660,000 ( — 0.15 jl 0.48). 

Since the resistance cannot be a negative quantity, 

ft = 0.33 X 1,660,000 = 550,000 lb. = 275 tons. 
In discussing this formula, Terzaghi* does not specify the factor of 
safety to use. To make the result comparable in tlii- example with those 

obtained with the modified Engineering News Formula, a factor of ap- 
proximately 3.5 must be applied. 

By the Hiley Formula {10) 

For a consolidated wood cushion: 

/' 
e = 0.50, k = 0.50 for ■= = 2, equipment efficiency 0.90, all from Table I 

•Sn Inference No 1 . 
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Obtain <",, & and & from Equations II, 13 and it, who 

C - (0.08 + 0.012 X 10 ii 20) ',' 7n \ 

.1 i 

Substituting In Equation 10 

1 , 220tOM ' 

' 

the ultimate rem ttanee and should be divided bj a factor oj tafety 
to jive the allowable load. Since all the energy lorn idered In 

Equation (10 , a factoi ol safe! j ol '-' i « hich gives /,' 1 10 tons 

In I SVood l i Iiiihi 
e — 0.25, k = 0.37, equipment efficiency 0.9, all from Table I, 
Ci la 0.10 j 1 1 < it 1 1 Equation (12) and mbati oi the other 
, thoaa uaed in the example for the eonaolidated cuab 

i us i 3 

Bubatil uting in I Iquation 

,, "'' ■ 0.37 X 3.78 X is 

'' — , 0.84 X R m 

Applying a factor ol 2, aa before, the allowable I! ia 89 tun* 



Choice <>/ II eight of Hunt iiht 

The weight of hammer required to drive u pile to a ipecined reaiatance 
oan be datamained bj either the raraaghl or Bile] Formulae. In ord 
determine the requiri of hammi i , . hammer 

and aorve for ti imad set. II ilu* resist 

is greatei than that required, the hammer is of sufficient aiaa 



tpplicability <>/' Pile FormitJoi 

/• 

lii/lurine of ill,- Halt,, 

\ concrete pile of the aame rotume ai a »i«><l pile will weigh from 3.5 to 
7 turns aa much, depending upon whether the «<»><( p 
oak or one of the li^liiir woods such u cedar. Concrete pi 
much larger in section and frequently longer than timber piles so their 
weight may be from :{.."> to 20 time* that of timber piles, rherefore, with 
the introduction of concrete piles much greater weight ha I ndled 

and driven. 

Bamman which had bean developed for driving timber piles produced 
much smaller p» per blow when uaed on co ncr e t e piles and rome- 

times practically no penetration could be achievi '., iencj of I 

littlit bamman was reduced at shown in Table I. If too linlit a 
I, the eapaett] of a pile may be overrated by a pile form 
l ngineeri] [*• which does not account for > Whet 

than is any uncertainty us to the proper weighl of rum, it le to 

use a heavier rattier than a lighter hammer. 




About 50.000 ft. of 24-in. octagonal concrete piles were used on the grade separation project 
of the Louisville and Nashville RR... Louisville, Ky. 



Influence of Types of Soil 

When piles are driven, they are forced into the ground by a succession 
of rapidly applied dynamic loads which keep the ground in an unnatural 
state. After piles are in their final positions the loads carried are usually 
static and the ground is in equilibrium. Railway trestles are an exception, 
as the train load is a high percentage of the total load and is applied to the 
pile bent as a succession of rolling loads. 

A pile formula gives a measure of the capacity of a pile under the rapidly 
applied dynamic loads but does not necessarily indicate its capacity under 
static load depending upon the type of soil. Terzaghi* divides soils into 
two types: 

Type A is composed of materials possessing high internal friction without 

cohesion, such as sand, gravel and permeable artificial fills. The resistance 

of this type to dynamic loads may, with reasonable accuracy, be assumed 

li Qtical to the resistance under static load. Pile driving formulas may 

be used with confidence for this type of material. 

Type B is composed of materials possessing cohesion, such as fine grained 
silts, soft clays and the like. The point resistance during driving is mucli 
greater than that later developed under static load, and there is little fric- 
tional resistance during driving as compared with that when the pile is at 
rest. The application of pile driving formulas to this type of soil is not logical. 

A practical test for determining whether the soil is of Type A or Type 
li is to compare the penetration under blows immediately before and after 
a rest period of at least 24 hours. If they are identical, the soil is Type 
.4, and the pile formulas may be used with reasonable assurance. 

The water content of the soil is an important factor affecting the relia- 
bility of pile formulas. During driving, water from the adjacent soil may 
lubricate the sides of the pile, particularly in Type A soils, which are 
readily permeable. Where ground water levels fluctuate there may be 
considerable variation in the soil resistance to pile driving. 

•S<* K> fercnic No. 1. 
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SK( I. |V— LOAD CAPACm OF PILE FOI NDATIONS 

Single I'itf* 

\ |,iii- dell id to the toil In two ways: 

1 1 bj friction »itli the KtU, and 
(2) by point bearing. 
Tin- relative percentage ol each i iri< i with the toil characteriatice and the 
ngemenl ol I the point ol the pile la driven into a -.till 

i or to rock with oftei material above, moal ol the load la 
mitted to the soil at the lower end of the pili [m la the upper atl 

i ~..ii itm 6), the pile acta vertically 

aa a col *l he made on the baaia of their 

abilitj to carrj load aa eolumna, 

In eompreaaible loili deaignated aa Claaa '-.' (page 7 In which pilea are 
driven aimply to compreai the aoil, thua Increaaing its bearing value, pilea 

si l.i' compared on the baaia ol their volui 

If the pile is driven througl ill) eompreaaible material with no 

itiffer stratum at the polnl [( ' , the pile tranefera Ita 

load to tin: soil by rementa along its length. Theae Incrementa depend 

..ii the reapective frictional reeiatancea :i n<l deformationa ol the strata 
through which the pile pa I ha load la rpread In ever widening cirdea 
until the point is reached Forming whal ia commonly called a "bulb of 
preaaure." In aueh aoil the lurface area of the pilea is the baaia on which 
the load-carrying rapacity ol different typea mual be compared. 

Piles in GrOUfM 

Thelo i group ol pilea ia not alwaya a multipli 

pa! ,i i -oils in which the individual pile earriee 

.mil, the capacit) ol a group of pilea will equal the capacity 
.,, pile multiplied by the iiuiiiI.it of pilea. In thia caaa, the pilea nay be 

ipaced as ol together aa driving equipment permita, rinea than ia 

lapping ol bearing an 

ila are elaatie and eompreaaible and, aa previoualy deacribed, 
t In- purpoae ol pilea driven Into eucn soils is to co m pa c t the eompreaaible 
lying a atiffer siratntn, thereby rabang the hearing value 
In | s,,ii a -. the load an entire group of pilea will ha 

the sum of the eanacitiea of the individual pilea, which mould be deter- 
mined from the pern I the pilea bj a pile driving formula or by 
load ti'st after till the pilea have been driven. PUee m anefa aoila ibould not 
be driven closer together than 2 5 pile diantu 

The bearing vain.' of groupa of pilea mil of uniform 

oonaiatency, will be limited by the allowable preaaure on tin tl the 

bottom of the pilea To obi tin thia | I the load 

due to ii.. tlir pilea is aaaiiniul * The unit preaanra determined 

by tins method mual be naa than the uTon tbk ; ore at the given depth 

It tlir sui.soil requirement icing of pilea will be deter- 

mined by tin- structural requin 'In' footing, provided thai 

loads on the pilea an- leaa than thai indicated by a pile formula or a load 
Tin' minimum ■ '«**» 

than 2.3 pile .1' 

•A dnit oi lb* prt>|H**d Baatm HuiM.na Cod* prtyndm that to* cootpulAIMMI ol praaurw ih»ll b« mm M 
uo !h« w: « »on»o»l*l pUn* th« 

• ■ah boc Morvib&kO Mtin«Bth«l«a«th o< lb«pd«b«roMlb««AfM 
of lh« toundolioa. 




Batter piles were used at the outside of each bent to give I 
the Nashua River, (iroton-IVpperell, Mass., designed hy 

of I'lihlii \\ orlu. 



ih. 



(I olaliilil% III llii 1 1 rn! lt« over 

HaMachluel Is Department 



Eccentric Loads 

When the load on B foundation is eccentric, the piles "ill receive equal 

loads if the resultant of the external loads coincides with the center of 
resistance of the piles as a group. A method for determining the location 
of piles so that each trill be loaded uniformly is given in an article, "Founds 
tion Pile Spacing for Eccentric Loads," by J. W. Pearl.* 

Lateral Loads 

Hatter piles should be used in foundations subject to very large lateral 

loads. Vertical piles, however, have some resistance to lateral load 

driven sufficiently deep into compact soil. A Bert B of teste** was made at 
Alton, III., on single piles and groups of 4, 12 and 18 piles with their beads 
fixed in concrete test monoliths. The foundation material was Mississippi 
River Band and the piles were .'50 ft. long and were loaded laterally up In 
30 tons per pile. I 'or piling arrangements and the soil under test, it mi 
concluded that the following loads were permissible. 

Timber piles for which a deflection of not more than 14 in. is permitted, 

1 tons per pile if the piles are subject to frequent repetitions Of load, i]/ 2 
tons if subject only to sustained loads. 

Timber piles for which a deflection not more than ' g in. is permitted, 
tons per pile if piles are subject to frequent repetitions of load, 7 tons if 
load is sustained. 

• -miliar in size, shape and length to the titular piles, I to 

2 tons per pile more than for timber piles. 

■ loads within this range the la' lance of a group of piles 

was in proportion to the number of piles in the group 1 or greater loads 
per pile and with equal deflections, the total load resisted did not increase 
in direct proportion to the number of piles. Similar results wen- found at 
Red Wing, Mum.*** 

Marine struci ai quays and docks, are often subject to large 

lateral lo ads and batter piles must be used. It is difficult to drive piles to a 
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large. I j .- 1 f t < - r and if :i small batter i* mcd a larger aumber of piL 
provided to develop tgarnst lateral forces. An analysis of pile 

structural <>f thin type li preeented In "ReaJatance "i ■ Group oi PI 
by II M. \\ eatergaard.' 

I'll'- in tn from wind and the fi 

moving watei I ibject to longitudinal loadi from traction 

and braking foi I id bridge piers on pilea which extend 

well above the ground line or are in particularly sofl top eoil ihould be 
designed to ipecifted In railway and highway bridge 

' onsideration Bhould be given to whether the pilei n 
lueh force* by simple cantilever action or whether the pile heads are ~o 
encased as to be fixed or partially fixed, causing a reversal of bending 
moments, thus increasing the resistance of the pile - In 

the it : it is particularly importanl thai the pile be designed to 

i i developed al the underside of the eap or footing. 

SECTION \ — r*R» IS! PILES 

Design »>/ Prvcoal PMm 

Shape 

Pilea ai de of uniform section throughout except near tb* 

point. Tapering piles the entire length in difficulties of manu- 

facture 
Tin- two moal common cross sections for bearing pile* are square and 
. onal. Round piles are feasible « hen made by the centrifugal spinning 
shape having a radial aymmetr tory. 

Squan piles have certain ad\ anl 

I lie-, i mi anil re adaptable to building in ti 

The concrete ma] be placed and apaded Into the forms with 
greater i 

The longitudinal reinforcement Is mora effectively located for 
resisting flexure 

Tlicrc is more lurfaoe area par volume of conei 
Oeteoanal (or hexagonal) pilea have the following 
I'hev are especially adaptable to mi 
Their strength in flexure is the same in nil directions 

The lateral ties, niav he in the form of a mill inm ill! spiral. 

The) present an attractive appearam 

during driving ii not noticeable even though pile is in an ex- 
i position. Special chamfering ol led 

They are easil] handled. 

Million or eon. I sections may lx' ma.le readil) if 
nan 

Mm 

ike.i advantage of concrete piles is thai tl !<■ any 

lo suit load-carrying requirements, driving conditio |uip- 

inent. A large number of small pii. tier number of i 

in a\ be c h os en ! whiehevi i 
square to Mho aquaral ivt been precast and dri' 
•■~~ mmmmm Ka tl 

n 



Length 

The length of piles also may be chosen to suit conditions and equip- 
ment. In restricted locations or where the handling equipment is light, 
piles may be made in short sections and extended as penetration is achieved. 
Such splices may be designed either for maintaining alignment or for 
developing the full flexural strength of the pile where service loads require. 

When desired, piles may be made of great length and handled by special 
devices. Piles up to 24 in. square and 114 ft. long* have been successfully 
handled and driven in this country, and precast hollow piles 4 ft. in diam- 
eter and 200 ft. long have been used in Europe.** 

Reinforcement 

The reinforcement in piles is designed to resist the stresses due to service 
loads and handling and driving. Reinforcement consists of longitudinal 
bars with hoops or spirals. 

Longitudinal bars may be discontinued where not required, but not 
more than two bars should be stopped off at any place. The sections at 
which bars are discontinued should be spaced about 30 bar diameters 
apart. This is necessary because a sudden change in the amount of rein- 
forcement may induce the formation of hair cracks during driving where 
there is an abrupt change in strength. Splices should be staggered also, 
for the same reason. 

Protective Cover 

Tor bearing piles in which handling stresses govern the amount of rein- 
forcement and where the piles are to be completely buried, the amount 
of concrete cover is not of major importance. However, when piles are 
to be exposed above ground, as in trestles and docks, adequate cover for 
the reinforcing ban i-> essential. For ordinary outdoor exposures, a a 

outside of all bars or ties of 1J^ in. of concrete should be provided. I or 

unusually severe exposures, :i* in so -a water or where there are many <■ 

of freezing and thawing while the concrete is we!, :i steal OOVBT of 3 in. IS 

amended at least for the portion of the pile where such exposure is 
wintered. 

It is important that the head should lie do -signed mi it will not be dam- 
aged by the hammer blows. To prevent damage, the top edges should be 
chamfered liberally, the head shoulol be a truo- piano- at right angles to the 
axis of the pile, and added lateral reinforcement should be provided for s 
minimum ml to the diameter oil tho- pilo-. Unless the reinforcing 

bars are to protrude from the head, they should all bo- kept back about 
'■i in. from the head for piles 10 in. or more in diameter. (See Fig 1 I 

Points 

The point of the pile may lie adaptod to the soil and tho- method of 
driving. For plastic soils a blunt point is suited, ranging from no point at 
all to a diameter at t h»- tip of ' 4 tho- pilo- diameter and a length equal bo 
- the pile diameter. 

soils without cohesion, such as sand or gravel, anil when harol 
,i«-ro-d point is desirable. The tip may 
have a dian . and a length of :s timo-* th<- pilo- diameter. 

•—. S*t*«M No I 

■■Sat Unna No. IS 




Sfi/rnst I 2"pitch 



Square Piles 

6"pitch 



I'pitck 1 3 turns 




SPIRAL WIRE 



D 


16" 


20" 


24" 


SUE 


US 


#4 


ti 



Octagonal Piles 



Fig. 14 



When concrete piles arc properly manufactured, such points may he 
driven through timber and rip rap; and comparatively large boulders and 
other obstructions may be displaced. However, it is sometimes desirable 
to provide a metal shoe for the tip. 

If the pile is to be jetted with an internal jetting pipe, the end of the 
pipe is usually contracted to form a nozzle at the point. 

Extra lateral reinforcement should be provided near the point and the 
ends of the longitudinal bars should be drawn together and should follow 
the taper of the point as shown in Fig. 14. The bars must not be bunehed 
at one side of the pile. 

Stress Determination 

Service Stresses 

In foundation or bearing piles the service load is almost entirely direct 
compression. The reinforcement is, therefore, only needed to resist the 
stresses caused by handling and driving, except in unusual conditions where 
the pile acts as a column. In trestles and docks, piles subject to lateral 
loads in addition to direct compression must be designed for bending and 
direct stress, the same as other structural members. 
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Mending ^foment.s in I'iles Due to llaiulling 

The bending moments in a pile during handling depend upon the method 
of lifting and the location of the supports. If a pile of length L is supported 
at points A and B, as in Fig. 15(a), the moment at B is: 



V 6 = 



VhvV 



(15) 



where w is the weight per lineal foot of pile. 
The maximum moment between .4 and B is: 

M 

a 2 



('-i)* 

The moments will be smallest when M =M t , in which case 6=0.293. 
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If the pile is supported at two points equally distant from the ends, as 
in I -'ig. 15(b), the reactions will be equal and the moments will be: 

.1/.- ''"'"■ '■' and -U J lL *( C --bl\ (17) 

b 2 c 2 \i ) 
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If Mb = M c , then 6 = 0.207, or the point at which the pile should be 
lifted in order to secure the minimum moment for this method of support. 

For more than a two-point pickup, lifting devices are often arranged so 
that there will be equal reactions at all points of support, as described in 
the section "Handling and Driving Piles." The location of pickup points 
so that bending moments are a minimum for the cases of 3, i and 5 sup- 
ports and equal reactions is shown in Fig. 16. The design bending mo- 
ments for each type of support are also given. The reinforcement required 
to resist these moments should be continued throughout the length of the 
piles, since the moments are nearly equal throughout. If the reactions are 
not equal, the bending moments for several arrangements of lifting 
points should be calculated until an arrangement is found which gives nearly 
the same bending moments at points of support and between the supports. 

In determining moments due to handling, piles are regarded as of uni- 
form cross section throughout, the taper at the point being disregarded. 



Design of the Pile Section 

If only one size and length of pile is to be used, the bending moments 
are computed for the desired arrangement of lifting points and the pile 
designed accordingly. If several lengths of piles are involved, the bending 
moments may be computed for a range of lengths and several arrangements 
of lifting points, and these values plotted with the resisting moments for 
various amounts of reinforcement. From such a chart, as illustrated by 
Fig. 19, the size and number of bars for a pile of any length may be ob- 
tained. 

In determining the resisting moment of a pile, it is convenient to use 
the transformed section in which the steel area is considered equivalent 
to a concrete area n times as large, n being the ratio of the moduli of elas- 
ticity of the steel and the concrete. The resisting moment by the well- 
known flexure formula is M = — , in which / is the unit stress at the dis- 

c 

tance c from the neutral axis, and I the moment of inertia of the trans- 
formed section. 

The value of I is the sum of the moments of inertia of the elements of 
the transformed pile section about its center of gravity. The concrete is 
assumed to have no tensile strength, so only the steel areas are considered 
on the tension side. The position of the neutral axis is first assumed and 
the transformed areas and the distances to their centers of gravity are 
calculated. If it is found that the center of gravity of the section coincides 
reasonably well with the assumed position of the neutral axis, the moment 
of inertia may then be calculated about that axis; otherwise a correction 
must be made. 

It is convenient first to calculate Iq, the moment of inertia about the 
center-line of the pile section, and to determine / by the relation: 

I = I c -A T x\ 
where At = the total area of the transformed section, and 

x = the distance from the neutral axis to the center-line. 

The following problem illustrates the procedure in determining the 
resisting moment of a pile section : 



Illustrative Problem 

A 20-in. square section is reinforced with four 1-in. round bars, as shown 
in Fig. 17. Determine the resisting moment of this section when one diag- 
onal is horizontal. Assume / c = 1400 p.s.i., / s = 20,000 p.s.i., n = 10. 
Calculate the effective transformed area A, the statical moment Ac, in 
which e = the distance of the center of gravity of the elemental section 
from the center-line of the pile section. 

As a trial, assume the distance to the neutral axis from the pile center 
line as 6 in 





Area. A 


Moment 
Arm, e 


Statical 
Moment, Ae 


Concrete 

Steel ... 

Steel 

Steel.. 

Ton] 


66 2 
7 1 

IS 8 
7 9 

97 


8 71 
11 66 


-11 68 


576 

83 



-92 

667 



The distance x from the center-line of pile to the center of gravity of 
the transformed area is: 

5(i7 kb. • 

1 = WTo = 5 - 84 ,n - 

This value of lis sufficiently close to the trial value li and no correct inn 
is needed.* In case there is too large a discrepancy, only the concrete terms 
used in the calculation need be adjusted. 



70" 



Center of gravity 
of concrete -. 



/t--C.79'9'7.l 
Ac' it. 7 sq. in 




Moment of inertia of transformed section with respect to its center of 
gravity is, see Fig. 17(b): 

jTj (2 X 8.30) 8.30» = 790 

7.1 (11.00 - 5.84)' = 241 
2 X 7.9 X 5.84' = 639 
7.9 (U .00 + 5.84)' = 242H 
3990 in.' 

•w lib tit* value of 5.84. a re-calculation givea tbe aerond value of 5.M for dietetic* from oesvar-liiie to 
dealer of gravity of transformed aeclion 
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The resisting moments of this section are for the concrete: 
3990 



M = 1400 X 



14.14 - 5.84 



for the steel : 



M 



20,000 



X 



3990 



= 673,000 in. lb. 



= 450,000 in. lb. 



10 " 11.66 + 5.84 
In this case the resisting moment of the steel should be taken as the 
resisting moment of the pile. 



Design Charts for Concrete Piles 

Fig. 14 shows typical details for square and octagonal piles, including 
the arrangement of longitudinal and lateral reinforcing. Fig. 19 gives the 
size and number of longitudinal bars required for such piles for the three 
methods of handling shown in Fig. 18, based on f c = 1400 p.s.i. and ft = 
20,000 p.s.i. without allowance for impact. A protective cover of 1% in- 
to center of steel has been allowed. 



PICK-UP "A" 



0.SL 


0.51 




PICK- UP "8" 



PICK- UP "C" A 



0.701 L- 



0.SB6L 



Fig. Ill 



A°- 



7071 



To use these charts for an allowable steel unit stress of f s other (ban 

's 
20,000 p.s.i., multiply the ordinate of the resisting moment by gn nnn 

where /■ is the new unit stress. 

If it is necessary to design the pile for impact, reduce the ordinates of 

the curves by . in which / is the per cent impact. 

The following examples illustrate the use of these charts: 
1. Determine the reinforcement required for a 20-in. octagonal pile 45 ft. 
long. 
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W 20 30 40 SO 
Length of pile ■ ft. 



70" 







10 20 3040 50 60 70 80 
Length of pile ■ ft. 



74' 



10 20 30 40 50 60 70 80 
Length of pile - ft. 




SO 100 

Length of pile -ft 



Unit stresses ■ f t ■ 1400. f, . 70. 000. no impact n ■ 10 
Concrete protection- it from center of bar to face of pile 

Fig. 19 



M 



Enter the chart, Fig. 19, at Length of Pile = 45 ft. and find the inter- 
section of the vertical line at 45 ft. with lines A, B and C. 

For pickup C, at least eight J^-in. round bars are required. For pickup 
B, at least eight %-in. round bars are necessary. It is not practicable to 
lift this pile by pickup A. 

2. Determine the maximum pile lengths permissible with pickups A, B 
and C for a 20-in. square pile with four 1-in. square bars. 

The intersection of the dash line for this reinforcement with lines A, B 
and C gives lengths of 30 ft., 52 ft. and 73 ft., respectively. 

If there is some uncertainty about the pickup, the reinforcement may 
be increased. In all cases it is advisable to mark the pile plainly showing 
the limits within which the sling should be attached to avoid cracking. 

Column Strength of Piles 

The formula for tied columns of the 1936 A.C.I. Code* may be used 
to determine the column strength of piles. This formula is: 

P = 0.70A g {Q.22f c +f s pg), (18) 

where Ag = the gross area of the column; 

f' c = the ultimate compressive strength of the concrete; 
/„= the working stress in reinforcement taken as 16,000 p.s.i. for 

intermediate grade steel; 
Pg= ratio of effective cross-sectional area of vertical reinforcement 
to the gross area, Ag. 

This formula applies for columns having a length h not greater than 10 
times the least lateral dimension d. For longer columns the stress is reduced 
in the following proportions: 

P' = P ( 1.3- 0.03 ^V (19) 

A comparison of column strength with bearing power will show that only 
when very long and unrestrained columns rest on hard strata and develop 
very high bearing values will it be necessary to design for column strength. 

For example, consider a 24-in. octagonal pile having 1 per cent reinforce- 
ment and an unrestrained length of 40 ft. 
Assume /' = 3,500 p.s.i. and 

Ag = 477 sq. in. 
Then P = 0.70 X 477(0.22 X 3,500 + 0.01 X 16,000) = 310,000 lb. 
(This gives an average unit stress of 651 p.s.i.) 

With an unsupported length of 40 ft. the allowable load will reduce to: 

P = 310,000 f 1.3 - 0.03 x|} = 217,000 lb. = 108 tons. 

Ratios of lateral reinforcement as ordinarily provided are sufficient only 
for computing the column strength as a tied column. If it is desirable to 
consider the column as a spiral column, the lateral reinforcement should be 
increased. In this case the formula* is: 

P = Ag(.0.22f c +f sPg ) (20) 

The lateral reinforcement required by the A.C.I. Code for spiral re- 
inforcement is: 

p'= 0.45 (R-lYjf (21) 

' s 

•See Reference No. 19. 
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Fig. 20 — Concrcte-pated casting >urd. 

where p' = ratio of volume of spiral reinforcement to the volume of 
concrete core (out to out of spirals) ; 
It = the ratio of gross area to core area of column; 
J t = useful limit stress of spiral reinforcement to be taken as 
40,000 p.s.i. for hot rolled rods of intermediate grade and 
00,000 p.s.i. for cold drawn wire. 

Manufacture of Precast Piles 

The fundamentals of design and control of concrete mixtures* recognized 
as good practice are equally applicable to piles as to all other concrete 
construction. The quality of the concrete and requirements peculiar to the 
manufacture of precast piles are given in the section "Specifications for the 
Manufacture and Driving of Precast Concrete Piles," page 7.5. 

I'lie equipment and facilities provided may either be temporary and 
"homemade" or the most modern machinery and a layout suitable for long- 
time operation may be used. Concrete piles may be made cither near the 
site or at a more remote location. Satisfactory pifes may be produced under 
a wide range of conditions if the few simple rules necessary to proper con- 
crete making and construction are followed. 

The size and location of the job will determine the location of the outing 
yard, the layout of its facilities, the type of forms, and the handling and 
loading arrangements. The topography, transportation facilities, the labor 
market and other local conditions are to be considered 

I In- < mating Yard 

The layout should be designed to maintain a production Schedule. This 

involves providing storage space for a m at and aggregates, mixing capac- 
ity, sufficient forms, .-, casting floor ap ing piles bt 
loading that will permit the number of piles to be made and cured properly 
to supply the job. 

Tin- casting floor should l« firm to [invent warping or movement of the 

g rec " P llf * Boft ground should be compacted and drained and ■ rigid 

•S*e Rriereoce No 21. 




t'ig. 21 <:u*tiil£! \uril with embedded timbers mill pallet 1 r.U 



platform constructed. This platform may either lie of timber <>r concrete 
as shown in Fig. 20 if continuous, or composed of embedded timbers with 
"pallet" boards just wide enough for the individual forms as shown in 
Fig. 21. 

A practical and economical platform ol concrete may be made of cement 
hound macadam, consisting of clean, coarse crushed stone I ; , to 2] i-in. | 

grouted with a Portland cement-sand mixture <l:2'ii in which there is 
about 8 gal. water per Back cement. The surface is finished by lamping 
the aggregate and slushing the top with a grout mixture containing some- 
what less water than was used for the first grouting. 



Bar racks 



Reinforcement 
assembly .. 



ttt mtti 44 4-H-m 



- Pile storage 



— t Cement 
-T storage 



Casting floor I Casting floor 




— To job 



Road- Runviay for tractor crane 



Kig. 22 



A suggested layout for a small casting yard is shown in Fig. 22, which 
provides a mixer with necessary runways, storage facilities for cement, 
aggregates, reinforcing bars, tables for assembling reinforcing cages, a cast- 
ing Moor, and a storage space for piles before loading. The storage for 
cement must he dry and it is desirable to plank over the area for aggregate 
storage to insure clean materials. In case the concrete is obtained from a 
ready-mix plant, a receiving hopper of a capacity sufficient to hold only 

•See Reference No. 20. 
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the amount of fresh concrete that can be handled readily is provided instead 
of the space shown for the mixer and storage for cement and aggregates. 
The concreting materials in this layout are to be handled by wheel- 
barrows or buggies. The piles are cast and stored where they can be handled 
by a mobile crane operated on the adjacent road or track. 



Forms 

When determining the type of forms ami how they are to be fabricated, 
the size and conditions of the job should be considered and particularly 
the number of times the forms are to be re-used. The forms for foundation 
piles that are to be completely buried may be rough and more re-uses ol 
the forms are therefore possible. Such piles, where square in section, may 
be east without chamfering the edges, as rough edges are not detrimental. 

Forma may be of wood or steel or a combination of the two as, for 
example, steel body forms and wood points. They should be substantial 
in construction and should be designed for easy assembling and dismantling 
to permit re-use. Wood forms when carefully constructed and handled and 
properly .leaned and well oiled before each use will permit re-using 25 or 
■iO times. Metal forms may be re-used indefinitely. It is especially impor- 
tant to clean and oil forms thoroughly before putting them in storage. 

Forms may be built in sections to give anv length desired. The bottom 
of the form is usually the platform itself or the plank or other pallet on 
which the piles are cast. 

Forms should be tight to prevent leakage and firmly braced so that their 
position and shape are maintained. When vibration is employed during 
the placing of the concrete, substantial form construction is particularlv 
important. 

A sufficient number of forms should be provided to permit the casting 
and proper curing of the piles to meet the casting schedule. 



I'Ai'Rattens 
7'oc. 



6- Z'x4'sills in 
Cinder fill 

Kig. 2.1 




A practical wood form for square piles la shown in Fig. 23. Chamfer 

Btrips may be used as indicated, depending upon whether appeannoa of the 

pili-s in the structure is important 

The form may be assembled in two ways: 

(a) Piles are cast as close together as convenient and removed from 
the platform as soon as they have developed Sufficient strength, and the 
next group of piles is cast in the aame location. 

(b) The first group of piles is east on tenters twice the width of the 
pile so that the piles already cast with building paper against them may 
be used as side forms for the second group. By this method piles may 
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he cast in tiers and a large Dumber cast in a small space Fig. 24 shows 

square pile-; constructed in tiers. 

The design for a wood form for octagonal piles is shown in Fig. 25 and 
metal forms for this type are shown in Fig. 21. 

Before placing concrete in the forms, they should be well oiled or, if of 
wood, may be wetted. Oiling should be done prior to placing the reinforc- 
ing. 



(Cross fies-3'oc 







He. 2.". 
Concrete 

rete should be made in accordance with the provision of specifica- 
tions, page 7.3, to withstand the abuses of handling, driving and exposure. 
It should be of a plastic consistency having a 3 to t-in. slump for hand placing 

and 1 to2-in. slump when vibrators are used. A uniform quality of concrete 




Kic- 2(> Spud type electric vibrator need for oom- 
parting concrete for ■quorc pUec cast in uochI f«rm». 
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should be used throughout the length of the piles and special care should 
be taken to insure well-compacted strong concrete at the head and point. 

Vibration* as an aid in the placing of concrete is strongly recommended. 
The internal method of vibration is most suitable, using high frequency of 
from 3,600 to 7,000 impulses per min. The use of vibrators is illustrated in 
Figs. 26 to 28. 

One internal vibrator per casting point is sufficient. The vibrator should 
be inserted into the concrete as it is placed and the form kept as full as 
practical as the placing progresses from the head toward the point of the 
pile. The duration of vibration varies with the consistency of the mix but 
should not be prolonged after the mix has settled and air has ceased to 
rise. Inserting the vibrator at close intervals for short periods is preferable 
to prolonged vibration at one location. Placing the vibrator in contact with 
the reinforcing bars will increase its effectiveness. 

To prevent the formation of air voids on the under side of inclined form 
surfaces, a blade or a loop of J^-in. round wire attached to the vibrator 
head should be run along the forms. 

The top surface of the pile should be finished with a wood float after the 
concrete has stood until the surface sheen has practically disappeared. A 
slight over-filling of the form is desirable. 

Curing 

Forms should remain in place for at least 24 hours and the piles there- 
after should be kept thoroughly wet for at least 7 days if normal portland 
cement is used, and at least 3 days if high early strength portland cement 
is used. Ponding is an excellent method of curing if practical. Straw, sand 
or burlap kept saturated is also satisfactory (Fig. 29). In cold weather, the 
piles may be covered with tarpaulins and steam, injected through per- 
forated pipe, can be used to supply heat and moisture (Fig. 30). The usual 
precautions regarding cold weather concreting must be observed. 

Whether normal or high early strength portland cement is used, the 
piles must not be moved until they have acquired sufficient strength to 
prevent damage. Control cylinders made and cured under the same condi- 

•See Reference No. 22. 
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Fig. 29 — Burlap should In- thoroughly and continuously saturated throughout 
the curing period to be effective. 
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I '^ 30 I "r cold Mrutlicr curing, ■train Injected through perforated plpei 

niulrr tarpaulin* i* cITcctiw. Curing l»> lliiw method v*a* ||M'«I in Ihf carding 
xard for the I.. «X N. Kit. grailc scparat ion project, Louisville. K>. 

tions a- the piles are a reliable indication of the strength of (Ik- concrete 
in the piles. l"i<r . :ii i> an illustration of control cylinders and tea) beama 

being made on (lie gN tJOD projed "I I lie Louisville ami \asli\ i lie 

Railroad in Louisville, Ky., where approximately 5n,ooo lin. ft. of 21-in. 
piles were used. If piles must l>e moved before attaining full strength for 
which they were designed, a method of moving or a pickup should be used 
that will i in proportion to the strength of the concrete. 








\ % 
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Reinforcement 

It is customary to assemble the reinforcement cages before placing them 
in the forms, as shown in Figs. 32 and 33. Where the cages are circular, 
the lateral ties are usually continuous spirals spaced on small steel channels. 

The longitudinal bars should end in the same plane and be kept back 
about 3 in. from the head and the point. Where the bars are drawn toget her 
at the point they should not be bunched at one side or the point may be 

damaged during driving. 

The most common oversight in the manufacture of concrete piles is the 

failure to hold reinforcing bars in their proper positions. Unless lumU gup 
ported, the placing of the concrete, particularly when vibration is used, i> 
.- 1 1 > t to force the reinforcement cages to one side. 

Tin proper support for reinforcement in the forms before the concrete is 
placed fin not be over-emphasized. 

Handling and Driving Precast Piles 

In general, piles must, be rolled over when removing them from the 
forms; picked up at the center or at two or more points with an i quails i . 
loaded; shipped to the site; unloaded at convenient places along tin Md 
picked up and turned from the horizontal to a vertical position; and thru 
driven. Fig. ;il (a; to (f) illustrates progressive steps in the handling and 
driving of piles for a highway bridge. 

The design of the piles and the methods of handling and driving should 

therefore be studied together 

The reinforcement is oil en the major cosf hem and may beconsidi rablj 
reduced by providing proper handling devices to minimize handling stresses. 



Fig. •! Stopfl i>i li;in«lliiiu unit driving eonerete piles: 

(a) A line from llir rrmir i- ■ I liiehed to till- hrail. 

(b) I lie pilfl i- lifted to an ereet iMMiition. 

I lie | t i- fitted through a tem|ilulf into a hole in the reipiired loealion. 




A slight excess of reinforcement, however, is sometimes desirable to permit 
more leeway in handling and driving. 

Where many long piles are to be constructed it is sometimes advisable to 
provide gantry cranes with equalizer lifting devices, spanning a wide yard. 
For a few small piles, appropriate cranes mounted on caterpillars or rails 
are usually convenient and economical. The pickup position for which the 
piles were designed should always be indicated for the guidance of the driv- 
ing crew. Short piles, 25 ft. and under, are usually designed to be picked 
up with a single line at any point. 

Piles designed for two-point support and lifted by cables, as shown in 
Fig. 35(a), require a sheave at point A so that the cable will be continuous 
from point B over the sheave at A to point C. Such a cable is called an 
equalizer cable because the tension in AB must be the same as in AC. 
Unless an equalizer is used, the pile must be carefully lifted so that the 
tension in the cable will be equal and the entire load will not rest on one 
end. To raise the pile to the vertical, another line CD is attached and when 
drawn up the sheave at A shifts toward C. A snubbing line is necessary 
with this cable arrangement as it is with those shown in Fig. 35 (b), (c) 
and (d) to prevent the pile getting out of control when raising to a verti- 
cal position. 

A cable arrangement for three-point support is illustrated in Fig. 35(b). 
The pile is tilted and raised to the vertical the same as for a two-point 
support. In this diagram, A indicates one end of the cable and B the other, 
the ends being attached to the blocks. Instead of the two separate blocks 
as shown at the top, a single block with two sheaves may be used. The 
vertical components of the reactions on the piles will not be equal because 
of the inclination of the outer cables. Assuming that they are inclined at 



(d) The pile is placed in the leads. 

(e) The hammer is Btted on the pile head. 

(f) The pile is driven to the required depth. 
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an angle of 50 degrees to the vertical, the vertical reaction at the outer 

supports will he sine .">() degrees ■ 0.76 times that at the center. This 
should he considered when locating the points of attachment to the pile. 
A four-point support may he similar to a three-point support, except that 
additional sheaves are required at the top and at the points of attachment 
to the pile. One metho 1 \t shown in Fig. '■'•'> e) m which the inch nation of 
the end cablet is large. To increase the end reactions, the eables may be 
arranged as shown in Pig. 35(d) in which the ends of the equaliser cablei 

are .1 ami Ii. Fit a 115-ft., 24-in. square pile being handled «nl, 

a four-point pickup rig. The eahle connection to the head of the pile ml 
used to raive the pile to an erect position. 
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dltlona will i ■haltering-. \ k h ■bee*, ibann lnr«r 

preeaal pllaa Ml ft. hang arvraa t" peeMtrati 
quiring 10 to 12 bhrwa to tin- bull Inch. Vara to itir 

I. II lllOWf lilt' In-ill I of fl 21-111. In illi i m |nlr tl It l..iiu 
.illir it luUJ n i i. ii. I -'.27". bloWl Irimi a 'I.IHMI-lli 
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I be i i tngementi fur lifting pilet 

almoai unlimited. I" determine the force* in any suspt nsion - 
aeceaaary in draw ■ force polygon u shown in Fig. ■>'. From the given 
pickup pointa draw, to •caw, ■ trial arrangement of cable* I. /•' and C 
The- forii-s in ii matruct the force i». 

line ii parallel i" -1 and laj oil i unit diatance 1-1 Then draw successiveh 
'• parallal to /' and c parallel to (', the * 1 1 — i ing equal 

lln- dinction and relative magnitude of 11 ii the Inn- /-;. Similarly, the 
, lialf tin- total weigh! "f the pile, is represented <^ line 
riic line 1 -") is drawn poralUl to the pile. Tin- magnitudes of a, h, <-, 
<l :iinl i an proportional in their length* In tin- force polygon Forexan 
legume lengths, ol ". '', <• an 30 in. each, and Hie lengths of 'I and i are 

- tively. Then if <■ 5,000 lb , tin- magnitu 
t>, i- -in. 2,200 II.. each mill tin- magnitude of ./ is 6,170 II'. 
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III. arrangement as determined by thia method ii aatiafactory if bending 
momenta in the pile arc a minimum for the number of point* of support 
and if the height of thi sheave at tin- center is not greater than can 
Ik- handled by 1 1 1«* equipment. 

Spreader beama or yokea aa ahown in Fig. 38(a) may Im- uaed instead ol 
equaliser cablea for very bea\ \ piles. With then the required height of the 

at and the reactions may be made equal at all lifting pa 
Willi a three-point pickup, tliis is done by adjusting the It rerage of the 
yokes. When a beam or truaaia uaed For thia purpose, a continuous equafim 
i i- required as shown m I i. i otherwise, the reactions depend 

upon the initial tenaioni In the nahlra and the deflection In the bean or 
idea beam '.r a ilirec- 

point pickup for liamllinit short pile-. The method of trans|>ortation, 
whether by truck, tram or l*>at, should !«• anticipated m dnaJcnlng piles 
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WIhti- pile* ■!• i" be loaded or etored tn tier*, the blocking between the 
ihould be in vefl o thai the weight of the upper j >il<-a cannot 

produce bending In those ol :i lower tier, as Illustrated In rig 10 

I if Unit EfoMi 

For ordinary conitruction, pilei maj be picked up by cables and hooka 
looped around the pile al the desired point. However, to pr 
from damage and to prevent wear on the cable, ihorl lengthi of wood or 
oilier cuahioning mah rial ihould be u 

U here long pili - havi been d< ligned and reinforced for definite pickupa, 
books or I-bolts are of ten i ce with thi ire cut of! 

the pile is in poeition read} for driving. Lifting point* ire thui 
looated and Insure the pile being handled right ride > i t > whi n 
inn bi ieen placed on one aide Lifting ittachm n 

Igned to be Inserted when lifting tin- pile, and removed when tic 

illustrated in 1 ■- 
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This pile is subject to large bending 
stress due to misplacing of the blocking 



Fig. 40 



A typical hold is a lj^-in. I-bolt or T-bolt which screws into a nut and 
washer cast in the bottom of the pile. To form a hole, a wood pin, substi- 
tuted for the bolt when the pile is cast, is turned from time to time to keep 
it loose and is removed when the concrete has set. The hole thus formed is 
kept plugged until the I-bolt is inserted. 

Pile Drivers 

The ordinary standard pile driver consists of a high tower of wood or 
structural steel, to which the "leads" are fastened, and which holds and 
guides the hammer. A frame supports the auxiliary machinery, consisting 
of the engine and boiler and various winches and drums to lift the pile and 
tin hammer. This type of driver is mounted on skids or rollers for founda- 
tion work, on barges for marine work, and on special cars for railroad work. 
This type of driver is heavy and cumbersome and is no! well Adapted for 
handling piles which must be picked up from some distance away. 




Fig. 41 — Driving pilra with 
!<HM,iiio!iif* 0HMM without 

U .nl. 




Fig. 42 (a) and (b) — Timber framing for guiding piles without leads. 



A hammer suspended from a crane mounted on caterpillars as shown in 
Fig. 34, or from a locomotive crane, Fig. 41, is becoming more popular for 
constructing trestles and bridges and other foundations. Leads swung from 
the end of the crane may be used with this type, but with the growing 
practice of setting and supporting piles in templates the leads are not 
necessary. 

In driving piles for the Havana seawall* a floating timber template 
fastened to temporary wood anchor piles was used and the hammer was 
suspended from a crane. 

The Missouri Pacific Railroad, in replacing old timber trestles**, sup- 
ports the piles by two templates, one at the ground and one higher up, as 
illustrated in Fig. 42(a) and (b). Holes as deep as the points are long are 
dug through the lower template. A number of piles are then set in position 
and, by using care in plumbing the pile at the start and keeping the hammer 
vertical, the piles are driven accurately to position. 



Hammers 

While concrete piles may be driven with drop hammers, the latter 
have largely been displaced by steam hammers of the single-acting or 
double-acting types. In the single-acting type the ram is raised by steam 
and drops by gravity. In the double-acting type, steam not only raises the 
ram, but propels it on the downstroke. 

The double-acting type delivers more rapid blows which, for the small 
sizes, may be as many as 300 per min. The weight and energy for different 
types of steam hammers, as given in the catalogs of several manufacturers, 
is given in Table 2. 

*See Reference No. 26. 
•*See Reference No. 7. 
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Tabic :i i.i given m a guide to the choice of hammeri to be need *wtli 
oonerete i i i iwi the relative effectiveneaa of the hammer bkra foi 

inir- :iml hammen. The table ii baaed on the a 
available foi driving a 2,000-lb. pile b) :i ram weighing .'J.imki lb. and 
delivering 9,000 ft lb energy. Equation I raa used to determine 

the efficieni v of 1 be blow, e bi 

Pile driving tnd the cnoice of hammers are discussed in - 

III, "Pile I'll! 
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Driving Head and Cushion 

With steam hammers, a suitable driving head or follower should be 
provided to fit the top of the pile and to hold the cushion for the pile head, 
see Fig. 43 and 44. Where pile heads are made with the longitudinal bars 
protruding, the driving head should be designed accordingly. 

The cushion selected depends upon the size of pile, the hammer, hard- 
ness of driving and other job conditions. These cushions have been made 
from various materials including timber, old rope (Fig. 45), belting, various 
special compositions and even waste and rags. The cushion should give 
enough protection to prevent damaging the pile head but should not absorb 
too much of the energy of the blow. The material should withstand the 
driving of a number of piles to reduce the annoyance of changing and should 
not be too readily inflammable. 




Fig. 45 — Kopc mat prepurctl for use on head of 
24-in. piles. 

Jetting 

Concrete piles may be driven by the aid of water or air jets through the 
same kind of material, usually sandy soils, where jetting for other types is 
desirable. Pipes discharge water at the point of the pile to erode the soil 
and bring it up the side of the pile to the ground surface. 

The jet pipe may be embedded in the center of the pile and its end con- 
stricted at the tip to form a nozzle. Where a center jet is not desired, or 
where integral pipes have not been provided, external jets may be used the 
same as for other piles. With a central jet, it may be difficult to hold the 
pile plumb. Using two or more outside jets, it is possible to correct the 
position of the pile, since the pile tends to move toward the side on which 
the jet is discharging. The internal jets are less difficult to handle but are 
likely to clog in certain types of soil. In gravel, water at high velocity may 
wash away the fines and leave coarse stones difficult to displace 

In quite porous soils, the water may appear some distance away from 
tin' pile being driven, indicating that a passage for the water has not been 

maintained around the pile. In such a case, the jet pipe should be moved 

slowly up and down or another pipe provided to discharge above the first. 
Piles may be driven in clean sand with the jet alone, but in sandy loam 
or soft clay a hammer is also required. Jetting is usually discontinued 
several feet al>ove the final penetration and the pile driven the remainder 
of the distance with a hammer alone. 
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If the pile is started by jetting, the long leads or crane boom required 
for very long piles may not be necessary. 

Pumps of adequate capacity should be provided, since volume is more 
important than pressure. The size of pipe ranges from \y 2 to 2>^ in. and 
the size of the nozzle from no contraction to Yi in. The maximum watet 
pressure to be provided varies from 100 to 225 lb. per sq. in., and the 
Volume discharged from 50 to 200 gal. per mill. 

. Uignment 

Some tolerance in aligning and plumbing foundation piles which are to 
be buried should be permitted. However, for trestles and docks, accuracy 
of line and plumbness should be insisted upon. Wherever accurate align- 
ment and plumbness arc required, care in starting the pile correctly will be 
well repaid. The result of care in aligning piles is well illustrated by a bent 
of 24-in. piles shown in tig. Hi. 




tit:. In It* slarliilK pill's lliruiiKli openlnafl in ■ 

template nude of structural steel shapes, eceu- 

rule nlignmrnt Han secured on the I.. X N. RR. 
ijr.nl. • separations. 
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. ITial to (e) — Steps in cutting off concrete piles: 
(a) A sledge and chisel used to remove outer cover of concrete, exposing reinforcing. 
I) 1 An acetylene torch cuts off the bars. 
(c) A line from the crane snaps off the head. 



The method employed by the Missouri Pacific Railroad*, already de- 
scribed on pace 51, located 24-in. piles with an accuracy comparable i" 
that of columns east in place. 

Substantial well-braced frames, such as shown in Fig. 42(a) and (b),are 
necessary, particularly if the piles must be driven through boulders or other 
obstructions. 

In driving piles close to old bents, walls or piers, they should be started 
leaning slightly away to prevent the lateral pressure crowding the points 
over. Forcing pile heads back into line by jacks or similar means should 
not be permitted unless the ground around the pile is first excavated. 
Under extreme eases it may be desirable to cut off the piles out of alignment 
at the ground line and splice on a top portion. Piles may be driven to a 
batter as great as 3 in 12. Piles on a large batter arc difficult to drive and 
the baiter tends to increase. 

Cut-nffs and Splires 

Much misconception exists as to the difficulties of cutting off concrete 
piles that are too long or extending those that are too short. It is desirable, 
of course, to order piles of proper length to avoid the waste of material and 
labor. However, when properly done, the length of concrete piles can be 
corrected without difficulty after !» ing driven. With pneumatic chisels and 

*See Reference No. 7. 
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drill> and the Met) lene torch, altering pile lengths become* timplj ;i routine 
construction job I o mil off • pile, a v-ehaped channel is bat cut around 
the pile ;it the tore] o! the ilitliml cut-off; the ban are exposed and rat 
\hiIi an acetylene torch al an] deaired poinl aboyi cut-off; and then the 
head li mapped oil by wedging or pulling with :i line from the crane 
procedure in cutting oil . pile ia shown in Fig 4" 

»f lar^i- plica, 18 to 24 iii. in diameter, can I"- made in 12 nun n hurried, 
.,i 26 to 30 linn aonnally. 

For splicing oi connecting to ■ • : 1 1 > — or Footings, the ban ma) be stripped 
for the ncccmar) length (Fig. 18 or holes <l rill<< 1 the proper depth and 
doweli grouted in li the pile Is to be ipliced, ■ split lei tional form i 
ba clamped to the pile, the reinforcing ban let, the top ol the pile we( and 
bed »iili grout oi mortar, and the concrete placed. The concrete in i li<- 
splice should beol the same quality aa in the driven pile. Internal \ ibraton 
will be found effective in making iplii 
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(d) Point of pile. 

(e) Pile completely driven. 

(f) Mandrel removed and pile ready for Glling. 

in the same manner as precast piles. The mandrel, being collap- 
sible, is then removed and the hole filled with concrete. The 
shells are tapered and strong enough to prevent serious distortion 
from lateral pressure. One widely-used type employs a spirally 
reinforced corrugated shell which comes in sections. The point is 
6 in. in diameter and the pile has a taper of 1 in. in 8 ft. A com- 
mon length for the lower section is 38 ft. with succeeding sec- 
tions 8 ft. long. 

A type recently introduced has a fluted tapered shell with a 
strong closed point and may be driven without a mandrel. 

Before placing the concrete, the holes should be inspected by 
lowering a light or dropping a flare into them to detect any 
undesirable deformation of the shell or the presence of water. 
It is important that water should be pumped from the shell or 
hole so the concrete is not dropped through water. Placing of 
concrete should not be started until all shells in a group have 
been driven and, in general, until all driving within a radius of 
15 feet has been completed. 

A series of pictures Fig. 49 (a) to (fj illustrates the procedure 
cil constructing shell type cast-in-place piles. 
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Fig. 50 



{2) Shell-less Type — A straight pipe is driven with a mandrel 
which is collapsed ami withdrawn when the pile has reached 
desired resistance. Concrete is placed in the hole and com- 
pressed with the mandrel as the shell is pulled up. This forces 
the plastic concrete into intimate contact with the earth and 
increases the frictional resistance. If desired, the foot of the 
pile may be considerably enlarged by pressure to increase the 
point resistance. The construction of piles of this type is shown 
diagrammatical!)- in Fig. 50 (a) to (d). There are several modifi- 
cations of the shell-less cast-in-plaie pile that have been devel- 
oped for use in soils of different characteristics necessitating 
some variations in the methods of construction. 

( .a-l-in-plare concrete piles of the shell type were used for this foundation of u heavy 
wall for track elctation. Rork Island Railroad, i hit .»-,.. 
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(S) Pipe Piles — arc particularly adapted for passing through 
soft plastic soils to B bard stratum below. They are constructed 
by driving a heavy metal pipe and removing the earth from its 
interior with air or water jets, after bed rock or the desired pene- 
tration is reached, or, it desired, as the sinking progresses. When 
bed rock is reached, drilling equipment may be operated through 

the pipe to remove some rock or to set, steel dowels for anchorage. 

In some cases b lighter casing is placed inside the heavy pipe 
and the latter withdrawn, the easing being then filled with 
concrete. In some wet soils, holes are made by means of a rotary 
excavator using a bucket with a cutting edge, which is with- 
drawn occasionally to remove the dirt. As excavation pro- 
ceeds, sections of metal casing are dropped in place and ex- 
tended as needed 

Hollow concrete shells of large diameters are often sunk to 
considerable depths by pressure as the soil is removed lion 
inside them with cla.ni shells. They are later filled with con- 
crete in the same manner as metal pipe piles, Fig. 51 shows 
designs for hollow concrete piles and illustrates a number of 
Conditions to which they are adapted. 

Sectional piles of the pipe type (steel or concrete shells) arc es- 
pecially adapted where headroom is limited, such as for under- 
pinning buildings or working under the decks of bridges and 
docks. They are also well adapted to locations where the jar ol 
pile driving is objectionable, since they can be driven by jetting 
or with jacks. 

Allowable loads for the types where shells are driven with a 
mandrel may be based on pile driving formulas the same :is 
precast piles, as discussed in Section III. 

When' the walls are formed by excavating or washing out 
the material, load tests arc important. Especially high values 
may be used for pipe piles driven to rock. For these the New 
York building code permits a compressive stress of 500 p.s.i. 
on the concrete and 7500 p.s.i. on the steel in the shell, de- 
ducting 1 /lti in. from the shell thickness for corrosion. 



Concrete for Cast-in-l'lace Piles 

The concrete for cast-in-place piles may be of somewhat leaner mix than 
for the precast type, since, as a rule, they are wholly buried in the ground 
and receive vertical load only. However, because of the uncertainties 
common to all foundation work, and since the extra cost for better qualm 
is slight, it is recommended that not more than 7 gal. water per sack 
cement be used in the concrete. The mix should be controlled by methods 
discussed in "Design and Control of Concrete Mixtures."* In placing the 
concrete, it is important that the holes be dry and the mix be of fairly 
stiff consistency to avoid water gam ( uring is not usually a factor, since 
the piles are generally buried. However, during cold weather, where the 
pile heads project above the frost line the pile heads and surrounding 
ground should be covered by straw or other suitable protection to pre- 
vent frost from damaging the concrete itself or heaving the ground 

'Available free in the I'nited State* and Canada on re«jueat to the Portland Cement Aja<^ I 
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. 51 Hollow Pile* and their adaptations. 
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SECTION VII— SHEET PILES 

Shape 

Concrete sheet piles are simply precast piles of square or rectangular 
cross section, driven side by side to form a continuous wall. To keep the 
piles in line, some form of interlock is needed, such as the tongue and 
groove joints shown in Fig. 52. The tongue may extend the full length 
of the pile or for only that portion below the water line, the groove above 
being grouted to insure watertight nc— 
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fig. 52 



The foot is usually beveled on one side so that it will be forced against 
the adjacent pile and maintain contact during driving. The bevel as 
shown in Fig. 52(a) is better than that shown in Fig. 52(b), because 
more pressure is developed to hold the piles together. The bevel is shown 
on the groove side in Fig. 52(a) and on the tongue side in Fig. 52(b). 
This latter location is better because the pile is driven with the groove 
side fitting over the tongue of the pile already in place, which prevents 
clogging. Since the tongue in Fig. 52(a) is only on the lower portion of 
the pile, the bevel is placed on the groove side. In this case it is not pos- 
sible to fit the groove over the tongue of the pile in place, since the top 
of the tongue is below the ground level. 



Handling and Driving 

Sheet piles must be driven in good alignment and particular care should 
be given to be sure the first pile of a scries is accurately driven. In some 
soils a timber frame should be provided to keep the piles in line. A typical 
timber frame having bottom wales braced by stakes is shown in Fig. 53. 
The frame is moved ahead as piles are driven. Another wale is bolted to 
the tops of the piles after they have been driven and remains in place 
until the concrete cap is cast. 



bolted lopiln 
already driven 




\t changes of alignment, gradual curves may be accommodated by 
adjusting the framing and using piles of the same section as used for the 
Straight portion. For sharp changes in alignment, it is necessary to provide 

Bpecial angle unite. 

Since many marine structures are built on sandy soils, jetting is exten- 
sively used in driving sheet pile*. Jet pipes are cast in the pile, or external 
may be used. In soils COmpoaed of fine sand and clay, it is sometimes 
possible to trash B hole with the jet below the foot of the pile deep enough 

to place the pile in its final location. This boh- tend* to fill up quickly so 

that Bpeed is required to line the pile correctly anil to fit it to the adjacent 
pile. 

Most sheet pile walls must be watertight and joints arc usually grouted 
after the driving is finished. The groove is first flushed out by a water 
jet from a pipe long enough to reach the bottom of the pile. A cement 
grout composed of one part cement to two parts sand Is then deposited 
by means of a small sheet metal pipe used as a tremie. The tremie pipe is 
lowered to the bottom of (he hole and then filled with grout. As the triune 
i- withdrawn and the joint tilled with grout, the water is forced out at 
op. If the earth fill back of the wall is to \>e drained, occasional joints 
may I* left without grouting for the lower portion of their length. 
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To provide foi expansion and contraction, joints having flexible lillcr- 
nmy be provided >i Intel trail of 2~> to SO ft ., or II may be more convenient 
to cul <i s|«ri.ii linn which is solid below ground and split above, the liil 
being tilled with a flexible joint filler. Theae joint- ihould be continued 
through the cap 



Sheet Pile Structure* 

Shecl pilee are uaed principal!) ai cut-ofl walli to prevent percolation 
of water and at bulkhead*, retaining walls and harbor itructurci to reeial 
lateral earth or watei preaaure \ typical cut-ofl wall for ■ ihore protec- 
tion rtructure is that buill along the thoreof Lake Pontcl 
■hows in I in. M. The cut-off wall under the toe preventa wavet from 
iindenoouring the wall. Theae pilee are nol mbjecl to appreciable lal 
pressure*, hence their dae h governed bj the ronditioni of handling and 
driving. 
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A dual pile bulkhead, ai ihown in 1 ig 55, i continuous 

row of piles driven into linn laVbvplaee cap i- 

anohor embedded In firm ground Lateral earth or water pr 

nor :it the top and by the earth at th pike 

U this tie i- omit tod, the resistance of the pile depend on th>- 

restraining action of the soil into which it ii drivt n Bhi e( pita ihould be 
adecpiatch reinforced for bending momenta from '• ral pressiir 

should ha driven to a sutlieient depth so thai the mil «ill nol pa 

ut the foot. 
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Detail* of a small bulkhead type retaining wall, built at Davit [stand, 
Ma, are abown in Rg. SO. This itructure consists ol pit 
in. thick, with i i :i>t -iii-i > .. i. cap. Tne trail ii anchored l>\ rein- 

forced 10x12 in. in lection to praeaal platet and tingle pilei 

• erg. 

< '•" ' piles make efficient docks, jetties, breakwati n and ph n 

i aheet piles are driven and tied together at tl 

I . 57 I hi ipaee between the put 
filled with toil "i rw It and a coi placed on top To reinforce the 

diaphragmi of sheet piles are placed at right angiei to the parallel 
nails at intervals of about BO ft. 

Where bending m o me nt! m ihet 1 pile! lor high bulkheads are i 

i>res»ures and conaequentl) the size ,,i tlie i 
ma) be modified as shown in 1 if 58 \ row of pili 
with ■ igfa tide Ian ining wall 

with a platform ritwuMin back to vertical 
weigh) of the earth fill above the top of the aheet pilea is then carried bj 
Mo to the anchor pilea so that lau-ral pressure on 
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\ n < .t I !•■ i type of bulkhead imm large kniK piles at regular intervale and 
■mailer and Snorter intermediate piles or precast plates between them a- 
■hown in Pig. 60. The king piles are more effective in counteracting the 
overturning of the bulkhead, once they can be driven deeper and are effec- 
tive over an area greater than the width of the pile. 

Design of Bulkhead) 

Hi pl h itf I'tiii trillion 

The two principal problems in the design of bulkheads are the deter- 
mination of tin tration and analysis of the bending moments 
due to lateral pressuree. The penetration of the piles will be governed in 

many cases by conditions other than the resistance to be developed to 
meet lateral pressure, such as the depth required to develop bearing load-, 
conditions of scour and other foundation considerations. A simple analysis 
for the penetration required to resist lateral pressure may he obtained by 
making the following assumptions: 

I I hat the maximum active and passive lateral pressures follow 
Kankini's theory for the lateral pressure of earth. 
(2) That the pile il very stiff in comparison with the soil so that the 

distribution of lateral pressure vanes directly as the distance behm 

llrfaoe of the ground. 

- Anchor pile - 

Precast plate 
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Rankine's theory gives the following formula for the increment of active 

pressure: 

1 — sin / 00 v 

" = W — 7—. : — -< (22) 

1 + sin 

in which 

id = weight of soil per cubic foot, 
<t> = angle of internal friction. 
An increment of pressure is taken as the increase in pressure for points 
a unit distance apart. If the unit of weight is pounds and the unit of dis- 
tance is feet, then the unit of u will be pounds per cubic foot and therefore 
a may be considered as an equivalent fluid weight. 

The variation in moisture and compactness of materials causes wide 
changes in 4>, as indicated in the following table: 




Driving hlircl pile* for II hiilklii.nl iti Lincoln Turk. 

Chicago, III., u-i ii- .i wuter jet. A light ilrop hu miner 

suspended from hanging leads wan used with the 

water jet for the last few feet of penetration. 
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TABLE 4' 



Materia] 


<t> 


Earth, loam 


30- to 45* 


Sand, dry 


25' to 35° 


Sand, moist 


30* to 45* 


Sand, wet 


15° to 30* 


Clay 


25* to 45* 


Gravel 


30* to 40* 



The weight of soil per cubic foot will vary with the type of material 
and the saturation of the soil. Soil above the water line will probably 
not be saturated and that below may or may not be saturated, depending 
on the tides, the permeability of the soil and the drainage of the wall. The 
unit weight of submerged soils will be reduced by the buoyancy of the soil 
particles and may be determined if the percentage of voids is known. The 
equivalent weight is: 

w = (weight of dry or moist earth) — -^ X 62.5. 

The pressure on a bulkhead will be the hydraulic pressure plus the 
lateral pressure of the soil having the reduced unit weight given above. 
For the angle of internal friction of saturated material, the same value as 
for the material dry may be used.** 

The increment of pressure or equivalent fluid weight for passive pressure 

by Rankine's theory is: 

1 + sin 

q = w : — - (23) 

1 — sin 

This formula gives the maximum pressure increment that the soil can 
resist. If the pile is very stiff and does not deflect under load, this pressure 
will vary in direct proportion to the distance below the lower ground 
surface as shown in Fig. 60. The magnitude of active and passive pressures 
is represented by the small arrows in Fig. 60; the resultants, by large 
arrows, P P for passive pressure and Pa for active pressure; and the re- 
quired penetration for the distribution of pressures shown is represented 
by x. The resultant of all passive pressure will be: 

Pp = 1 f (24) 
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uj=I00, ■ r =30° 
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Fig. 61 



•See Reference No. 29. 
**See Reference No. 30. 
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Sheet pile bulkhead walls at Davis Island, Tampa, Fla., and elsewhere 
Gulf coast, protect the shore line from erosion. 




The value of x may be determined by the relation that the sum of the 
moments about the tie, T (Fig. 60), must be zero. 

P P (h+ |z) — P A b = (25) 

Substituting values of P A and P P in this equation, the required penet ra- 
tion x may be obtained. 



Problem 1 

Determine the penetration ,r in terms of h for the bulkhead shown in 
Fig. 61, Assume the weight of the soil to be 100 lb. per CU. ft., the angle 
of internal friction as 30°, and the voids as 45 per cent. The active pressure 
will be taken as that of dry earth. The sine of 30° is 0.50, and 

" = 7 -J^ X 10 ° = 33 lb - P° r cu - fl 

1 ~r O.o 

For passive pressure the earth is assumed to be submerged so that the 
pressure is reduced by buoyancy. The equivalent weight of the soil is 
then: 

10 °~ 4j X 62.5 = 65.6 lb. per cu. ft. 



w = 100 ■ 



The passive pressure is: 

q = | ^qJ? X 65.6 = 197 lb. per cu. ft. 

The resultant active and passive pressures are: 

p 197 3-2 33 (h+x)* 
Pp = — 2~ and P A = - ; 

substituting these values in Equation (25), 

W£ 2 (fc + | s) _33i*±^.|(* + x,-0. 

The equation i> solved by substituting various values of x until one if 
found which satisfies, from which x = 0.55 h. 



Moments in Sheet Piles 

The distribution of passive pressure as assumed in the previous problem 
is suitable for determining the minimum penetration but is not accurate 
for determining bending moments. The piles are flexible and, due- to the 
deflection of the embedded portion, the passive pressure is changed from 

a triangular variation, as shown by the solid line in Fig. 61, to a curve 
similar to that shown by the dotted line. The latter distribution decreases 
the anchor tension and the bending moments in the piles. Several methods 
of analysis* take this variation into account, but many assumptions must 
be made and the analysis is long and tedious. The following comment was 
made by M. (1. Findley** on this problem: 

"It is clearly a difficult type of analysis because pressures that 
themselves can be estimated primarily only by methods of in- 
determinate structural analysis, determine, and in turn arc 
modified by, pressures in which a secondary analysis by means 
of deformations must be made." 

Instead of designing on the basis of several uncertain assumptions, it is 
convenient for routine design simply to assume the position of the point 
of zero moment in the sheet piles. Tests and experience with bulkheads 
show that this point is somewhere below the ground surface and is often 
taken*** to be at the point of zero pressure. Having assumed the point of 
zero moment, the sheet pile may be analyzed as a simple beam spanning 
from this point to the tie. 

The distance y from the ground surface to the point of zero pressure is: 

;/ = -^-, f2(i) 

where a = the active pressure at the ground line. 

The following problem will illustrate the procedure outlined. 

Problem 2 

Determine the anchor tension and the bending moments in the -he. t 
piles for the bulkhead in Problem 1. The height of the bulkhead is h = 15 
ft., the active pressure Increment ii = :i:i, the active pressure at the ground 

surface a = .'i.i x 15 = 195, and the passive pressure increment '/ = 197. 
The point of zero moment is 

t<r> 

The resultant pressure forces and their moment arm- are a- shown in 
Fig. 62 (a). Taking moments about the point of zero moment, the tension 
in the anchor is: 

T 3710 X 8.2 +747 X 2.01 ,...., 
r= 1^2 -17701b. 

The maximum moment in the sheet piles will occur at the point ol zero 
shear. If Z, Fig. 02 (b), i- the distance to this point, 
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This problem take* into account ■ variable distribution <>l active latent 
-.oil pressure and hydraulic puaaiim 

Determine the minimum penetration sod the rise of section required 
for the iheel pile bulkhead shown in Pig 63. Jin- high and low water 
'In- filling iM.-ii<-n:ils and their proj i shown In I Is 
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Pig. 63 



The tension in the anchor for a simple beam* of IS. 4 ft span will l>e: 
„ 5.540 (18.4 — 1 1 L! 



is. I 



2,170 II. 



The maximum moment in the sheet piles will occur at the point of lero 
shear, the point at which the resultant of active pressures equals the anchor 
tension. By inspecting the load diagram, Fig. 63(c), it may be seen that 
this point is below the low water elevation, sav at a distance of Z from the 
tie. 



Kquating the anchor tension and the active pres* 

2170 = 699 + 538 + 274 4- 434 (Z — 0) + 2 °° <Z . 






from which Z = 10.44 ft. The bending moment about this poinl is. 
M = 2170 X 10.44 - 699 X 6.11 - 538 X 2.69 - 274 X 2.27 - 434 X 
1 44 X 1.44 X '2-25.0 X 1.44 X 1.44 X h X 1 44 X \ - 15,850 ft. lb. 
A section designed for this bending moment is shown in Tig. »>4. The 
reinforcing bars are more than 3] _> in. from the compression face and con- 
tribute but little as compression reinforcement so that the section may bs 
designed as ■ beam with only tension reinforcement. I'sing the value of 
K the coefficient of resistance = 249 for balanced reinforcement ulncli 
results from allowable unit stresses of /<• = 1400, f» = 20,000, and n = 10, 
the minimum depth of section </ for a 1-ft. width )- 
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Since n protective cover of -S in. h desirable for sea water exposure, the 

i* point of iero prwiure u not included, u it do«a not »B«ft ib« b— m which 
•d. 



*P«Mive prcMurc below tb* 
i» rtitwidrriHi simply support' 



73 



depth of section will lie taken as 12 
in. and the depth d to the tension re- 
inforcement us 8.1 in. The required 
tension reinforcement is: 



i'tTies-l2~oc. 
24' 



A "- 



15,850X12 



2(),(KK)X0S75X8.1 
1.33 Bq. in. per ft. width. 




Tor a section 21 in. wide, two " „- 
in. round hars and two 1-in. round 
liars will lie required On each side, a- 
shown in Fig, 01 

The reinforcement in tins section 

should also lie checked for stresses due 

to handling in the manner described in Section \. "Prccaal Pili 

Anchors 
Three type- ol anchors for bulkheads are shown in I in 65. The plate 

shown in Kin. 05(a) depends for it- support on the passive pressure ol the 

nd must be buried a sufficient depth and distance from the wall to 
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SECTION VIII — SPECIFICATIONS FOR MANUFAC- 
TURE AND DRIVING OF PRECAST CONCRETE PILES 

Materials 

1. Portland Cement 

Portland cement shall conform to the "Standard Specifications for Port- 
land Cement" (A.S.T.M. Serial Designation: C150-41) and shall be Type 

These specifications cover five types of portland cement us follows and provide 
that "when no type is specified, the requirements of Type I shall govern"*. 
"Type I. — For use in general concrete construction when the special properties 
specified for Types II, III, IV and V are not required. 

"Type II.^For use in general concrete construction exposed to moderate sulfate 
action, or where moderate heat of hydration is required. 
"Type III. — For use when high early strength is required. 
"Type IV. — For use when a low heat of hydration is required (Note). 
"Type V. — For use when high sulfate resistance is required (Note). 
"Note. — Attention is called to the fact that cements conforming to the require- 
ments for Type IV and Type V are not usually carried in stock. In advance of 
specifying their use, purchasers or their representatives should determine whether 
these types of cement are, or can be made available." 

2. Concrete Aggregates 

(a) Concrete aggregates shall conform to the "Standard Specifications 
for Concrete Aggregates" (A.S.T.M. Serial Designation: CS3).** Where ag- 
gregates conforming to these specifications are not obtainable, aggregates 
that have been shown by test or actual service to produce concrete of the 
required strength, durability and watertightness may be used where 
authorized by the engineer. 

(b) Maximum size of aggregate shall be not larger than 1}^ in. nor 
more than three-fourths of minimum clear spacing between reinforcing bars. 

3. Water 

Water used in mixing concrete shall be clean, and free from deleterious 
amounts of acids, alkalis, or organic materials. 

4. Metal Reinforcement 

(a) Metal reinforcement shall conform to the requirements of the 
"Standard Specifications for Billet-Steel Bars for Concrete Reinforcement'' 
(A.S.T.M. Serial Designation: Al5), or for "Standard Specifications for 
Rail-Steel Bars for Concrete Reinforcement" lA.S.T.M. Serial Designation. 
AW). 

(b) Cold-drawn wire for concrete reinforcement shall conform to the 
requirements of the "Standard Specifications for Cold-Drawn Steel Wire for 
Concrete Reinforcement" (A.S.T.M. Serial Designation: AS2). 

5. Storage of Materials 

Cement and aggregates shall be stored at the work in such a manner as 
to prevent deterioration or intrusion of foreign matter. Any material 
which has deteriorated or which has been damaged shall not be used. 

•These paragraphs including Not* are quoted from above specifications. 

•♦Where reference is made to A.S.T.M. Standards and the year of adoption ia not shown, the current 
standard shall apply. 
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Concrete <hinlit\ 
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Mixing and Placing Concrete 

9. Preparation of Equipment and Place of Deposit 

(a) Before placing concrete, all equipment for mixing and transporting 
the concrete shall be cleaned, all debris and ice shall be removed from the 
forms, which shall be thoroughly wetted (except in freezing weather) or 
oiled, and the reinforcement shall be thoroughly cleaned of ice or other 
coatings. 

10. Mixing of Concrete 

(a) The concrete shall be mixed until there is a uniform distribution 
of the materials and shall be discharged completely before the mixer is 
recharged. 

(b) For job-mixed concrete, the mixer shall be rotated at a speed recom- 
mended by the manufacturers and mixing shall be continued for at least 
one minute after all materials are in the mixer. 

(c) Ready mixed concrete shall be mixed and delivered in accordance 
with the requirements set forth in the "Standard Specifications for Ready 
Mixed Concrete" {A.S.T.M. Serial Designation: C94-38). 

11. Conveying 

(a) Concrete shall be conveyed from the mixer to the place of final 
deposit by methods which will prevent the separation or loss of the mate- 
rials. 

12. Depositing 

(a) When concreting is once started, it shall be carried on as a continuous 
operation until the pile is completed, beginning at the head and working 
toward the point of the pile. The top surface shall be screeded and brushed 
to a uniform even texture similar to that produced by the forms. No con- 
crete that has partially hardened or been contaminated by foreign mate- 
rial shall be deposited in the forms, nor shall retempered concrete be used. 

(b) All concrete shall be thoroughly compacted by vibrating and /or 
spading and rodding during the operation of placing and shall be thoroughly 
worked around reinforcement and into the corners of the forms. 

(c) The frequency of vibrators shall be not less than 3600 per minute. 
The intensity of vibration shall be sufficient to cause the concrete to flow 
anil settle into place, and to make the effect on the concrete visible over 
a radius of at least 2 ft. Vibrators shall be applied at points not over 2 ft. 
apart and there shall be an average of not less than 20 seconds of vibration 
per ft. of pile. In general, vibration shall be of sufficient duration to ac- 
complish thorough compaction and complete embedment of reinforcement. 
To secure even and dense surfaces free from honeycomb, vibration shall 
be supplemented by spading or rodding by hand while concrete is plastic 
under the vibrating action. 

13. Protecting and Curing 

Side forms may be removed 24 hours after concrete is placed, provided 
the concrete has hardened sufficiently. 

Provision shall be made for maintaining the surfaces of concrete made 
with normal portland cement moist for at least seven days and for that 
made with high early strength portland cement at least the first three 
days after the placement of the concrete, or until the concrete has attained 
a compressive strength of 2500 p.s.i. as shown by test cylinders under 
like curing conditions. 
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14. Cold Weather Requirement* 

(a) Adequate equipment sball be provided for heating the concrete 
materials and protecting the concrete during freezing or near-freezing 
weather. No frozen materials or materials containing ice shall be used. 

(b) All concrete materials and all reinforcement and forms with which 
the concrete is to come in contact shall be free from frost. Win n< ver the 
temperature of the surrounding air is below in dag. 1 ., all co ncr et e placed 
in the forms shall have a temperature of between To dag. !•'. end BO 

deg. I ., ai . means shall be provided for maintaining ■ temp, ra- 

ture of 70 deg. r. for not lea than 3 days after placing except when high 
early strength Portland cement or concrete ia used the temperature -hall !«• 
maintained at not lam than 70 deg I', for 2 day*, or for ai much mora 
time ai ia neeeamry to inaure proper curing. The addition of nail or othi r 
rhciiiK-als to the mix for the prevention of ireeaing -hall not lx- permitted. 

Fornix and Reinforcement 

15. /). .11-., of /.,.;..« 

form- may Lc of wood or metel and shall conform ape, linea 

and dimensions of the pile as called for on the drawing!, and shall l>e suls- 
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tim.-s the minimum thieki.. bat All ban bl... OoU 
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21. Driving Cap 

Piles shall be protected with an approved cushion and cap while being 
driven. 

22. Hammer 

A strum hammer shall be used unless other equipment is permitted by 
tin engineer. The weight of the striking parts of the hammer shall not 

be less than one-third the weight of the pile. 

23. lead. 

Piles shall be secured against lateral movement during driving by leads 
or other suitable means. 

24. Jelling 

Piles may be driven with a hammer and water jets or by water jets alone. 
Jet pipes may be either separate or cast in the pile \n ample supply of 

water at adequate pressure shall be provided. I'tlcs shall be driven by ■ 
hammer alone for the last 5 ft. of penetration. 

25. Penetration 

Piles shall be driven to depths or to penetrations per blow as directed 
by the engineer. Accurate records of the penetration per blow for the last 
foot shall be kept for the guidance of the engineer in determining allowable 
loads on the pile. Where driving is interrupted before final penetration is 
reached, the record for penetration shall not be taken until after at least 
12 in. penetration has been obtained on resumption of driving. 

26. Replacing 

An\ pile SO injured in driving or handling that its structural integrity M I 
pile under the conditions of use is impaired, shall be replaced by a new pile, 
or the injured part replaced by splicing or otherwise repaired at directed 

by the engineer 

27. Alignment 

I'nlcss otherwise called for on the plans, piles shall be driven U nearly 
as possible in plumb position. Any pile so out of line or plumb as to impair 
its usefulness shall be pulled and redriven or an additional pile driven as 
directed by the engineer. 

2t. Splicing 

Heads of piles shall be cut off or the concrete stripped from the rein- 
forcement .is dire, ted by the engineer. If proper resistance to drivil | 
not attained at contemplated level of cut-off, the driving shall be continued 
and an additional leiurth of pile required shall be supplied by splicing in 
such a way as to develop the full strength oi don of the pile. 

29. Test Piles 

rial piles shall be oi the same sue and materials as the permanent plies 
and shall be driven with the same equipment and in the same manner as 
specified for such pile. Test piles shall be driven in advance of final driving 
ot permanent piles s,, that leimths for casting may be determined. During 
driving, an accurate record of the penetration shall bt kept. Lead ' 
shall be made with equipment approved by the engineer. < om|«nsation 
for driving and loading lest piles shall be mad* at a unit price agreed 
upon in the contract. 
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